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ABSTRACT 



This report presents methodology -For site evaluation, 
design ^ construction, operation, and maintenance o-F elevated 
sand mound sewage disposal systems. It is intended to improve 
builder expertise in this field so that the unacceptably high 
failure rate which has been e;;perienced with elevated sand 
mound systems in the past can be reduced. 

An extensive literature review was conducted in order to 
obtain i nf ormat i on concerning on-site sewage disposal in 
general and elevated sa.nd mounds in Pennsylvania in 
particular. The literature review revealed that there have 
been conflicting reports regarding the rate of failure of 
elevatted sand mound systems in various states. The common 
thread revealed in the literature review was that faulcy 
construction has, in many cases, led to hydraulic failure of 
elevated sand mound systems. 

The writer has developed a series of recommended 
construction practices. Checklists addr?£'S5 pr e-construct i on 
planning and builder quality control . Design tables and 
wQrksheed:.s are provided to enable rapid design of an elevated 
sand mound system for a single family residence. Finally, a 
maintenance £>.nd operation fact sheet is provided for use by 
the homeowner. 
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CHAPTEFv 1 



INTPODUCTinKj 

Th<- Need For Alter native Wa^tswate^- 
-Oisposal SvstefTiB 

L a n d d e v e 1 a p r n e n t is 1 i rn i t e d b y t h s a vsi i 1 a b i i i t y d i- t h s 
utilities neceasi^ry to serve the site. The basic L.tiiities 
needed are water, sewer and electrical service . 

Electrical service can be obtained at relatively low cost 
in virtually all areas suited for residential devel opni'ent , 

FRural el ectr i f i cat i on programs sponsored by the federal 
government have effectively removed the availability of 
electrical service from the list of limiting factors 
described above. Water service can be obtained through 
community systems or from on-site wells which draw from 
g r Q u n d w a t s r a q u i f e r s , 

Assuming that water is available, it is appsirent then 
that a system of household wastevjater disposal is the remaining 
critical factor which limits tfie development of land for- 
residential use. The Pennsylvania Sewage Facilitie-s Act of 
(19) requires all municipalities to develop a sewsige disposal 
plan which defines areas which are served by community 
sewage disposal systems, areas in which new s£?wers will be 
constructed to serve future development, and a.rei'a.s wf-iich have 
been approved for individual on-site sewage systems (1.3, 19, 

31).- Developers and other persons who are purchasing lots for 
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re::', denti ai de; vel opnient should be fami.i.ar with the local 
plan bet ore prooteedinq with any land purchase. Ir: addition., 
if the lot is being considered for an individual on-site 
watstewater system, the buyer should be aw.sre of the 
requirement for field testing -and inspesetion by the Sewage 
Enforcement Officer (SEO) . The results of percolation tests 
and other insptections conducted by the SEG should be known, 
and the permit should be in-hand before the land is purchased. 

Communi tv Wastewater Systems 

The most desirable method of residential wastewater 
disposal is through connection to an existing community 
sewer system. Unf ortunatel y , these systems usually are 
located in densely populated areas,, and therefore, do not 
provide service to ruratl residences. In addition, many of the 
existing public systems are overloaded and are unable to 
expand to serve new developments in fringe areas. ESevger b-ans 
have been imposed in some areas of the country as a means of 
limiting development until sufficient treatment capacity can 
be provided by the local municipality. In most cases, the 
decision to impose a sewer ban is a necessary step for 
protection of the environment and for compliance with 
government regulations dt^signed to prevent pollution of 
surface waters. In any event, the lack of availability of a 
p u b 1 i c CO m in u n i t y s e ig e r s y s tarn s e v e r e 1 y r e s t r i c t s g r o t h n 
the cemmunity. 



it may be possible for the developer to 



install a small CQriu-.iu.n i ty systsm designed tc sen vs a proposed 
r e s i d e n •!: i a 1 d e v e i a p n> e n t = A 1 1 h o u g h i t i s t e c t, n i c a 1 1 y f e a s i b 1 e 
to install such a system, there are several negative -factors 
w h i c h limit t h e u -s e o t t h i s a iter n a. t i v e = 

Maintenance costs associated with small community 
wa^stewater systems can be extremely high, particularly 1 -f 
they are not pro-Fessi onal 1 y managed and operated. M-any 
municipalities will re -Fuse to accept such systems if they are 
offered for dedication by the developer, simply because they 
are unwilling to accept the burden of operation and 
maintenance costs. In the absence of municipa.l operation of 
the system, communities often are forced to establish 
haimeowners associations in order to finance t.f.e private 
o p e r' a t i Q n of t h e s y s t e m . 

Cost is a key factor which limits construction of smail 
c o m fn u n i t y sy s t e ms or c o n n ec t i a n to d i s t a n t i n t e r c e p t c r 
lines for existing systems.. The cost of providing commu.nity 
wastewater disposal systems can exceed 0,000 per home. A 
recent project undertaken in F'rince George's County, Maryland 
r e s u 1 1 e d i n t h e e p e n d i t. u r e o f 6 0 ,000 of Co m m u n i t y 
Devel opiTient Block Grant funds to provide sewage service to 60 
homes (IS.). The high cost of this project serves to highlight 
two important consi derat i ons. First, the high cost of 
providing sewage service to a residential lot severely limits 
the ma.r ketabi 1 i ty of the property and ina.y , in fact, preclude 
development of the land. Second, as can be seen in the 
example described above, local municipalities cannot afford 



tc permit installation ot systems which nav'e a high 
probability ot failure, since the cost of bailiiig out property 
a w n e r 5 a t s o m e f u t u r e d a t e i s i n t o 1 e r a b 1 y j-i i g h .. 

I n d i V i d u a 1 Q n - S i t e N a s t e w a. ter S y s t e m s 

Individual on-site wastewater systems must be considered 
in cases in which a community system is not available. There 
are nuiTierous types of systems available, but many of them are 
either not accepted by regulatory agencies or are too costly 
t Q w a r r a n t s e r- i o u s c o n s i d e r a t ion for' u s e o n a r s si i d e n -t. i a 1 
building site. Several of the most commonly used on-s-ite 
wastewater disposal methods are discussed belowi 

Conventional Septic Tank Soil Absorption Systems. Th e 
first alternative to be considered for disposal of residential 
wastewater is the conventional septic tank soil absorption 
system,. Septic tanks are r(alatively inexpensive and require 
ver y little ma i n t enan c e if t h ey a r e used p r op er 1 y . Th e 
c Q n V e n t i o n a 1 s e p t i c t a n k soil a b s o r p t i c n s y s t e m i s a n 
envi ronmental 1 y sound means of household wa.stewate?r disposal 
whiich has been used throughout the country for many years,. It 
is unf art unate that the conventional septic tank soil absorption 
system has attained such a poor reputatio.n in the eyes of many 
home buyers and lenders,. Undesirable features include failures 
due to improper m-ai ntenance of the system by the owner, improper 
construct i on by the builder, or i nst al 1 at i on in soils which are 
unsuitable for underground disposal of sewage efflucant (2, 3)n 
C CD n V e n t i o n a. 1 s e p t i c tank s o i 1 a b s o r p 1 1 cd n s y s t e m s c a n b e 
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:;on^jdered if there is no poeeibility tu ronnect te ' vJDrmiun i t y- 
syeteffl snd if the site i e suitable for underground disposal of 
sewa.ge effluents The sui t iabi 1 i ty of soils for conventional septic 
tank soil absorption systems usually is determined by means of a 
percolation test administered by the local a.uthority responsible 
for enforcement of the applicable health or envi ronrnentai 
r e g li 1 a t i o n s u I n the Co m m o n w e a 1 1 h of Penns •/ 1 v a n i a , Sewage 
Enforcement Officers perform this function. If the site proves to 
be unsuitable for installation of such a system, the residential 
developer must e>; amine some of the innovative alternative systems 
which have been developed over the past several decades. This 
issue has been addressed in many areas throughout the country. In 
the vwords of the Prince George's County Executive; 

"One thing is clear, if it is not cost 
effective to build sewer lines or to use 
normal septic tank systems, then we have to 
consider adternativa technologies and we have 
to find a way to pay for them." (13/ 

A1 i:ei-~nnt L ve Systems . Alternatives to the con vent i onaJ. 
septic tank soil absorption system include package treatment 
plants which employ various treatment processes, elevated 
sand mounds, evapotranspi rat i on beds, and many othfars. it is 
beyond the scope of this study to list all of the innovative 
systems now in use or under evaluation. The ability of the 
ijrivate sector to generate new ideas for the solution of the 



r :::;i d£jnt:i £a 1 wastswatc dj-ipDe^: arobleiTi apnear^; to bs:' ' ,T(. t®d. 

The three alternatives J. ieted above appear zc have beer aoaepced 
as practical means -Tor residential wastewater disposal.. 

<1) F'ackane Treatment Plants F' a c !•:: a g e p 1 a n t s f o r i n d i v i d u a 1 
residences are subject to the same 1 i mi ta Liens associated with 
small community systems.: Initial i nstai 1 at i on is sk pensive 

■and thers? is a need for continuous rnai n t e.n-ancs to keep the 
system functioning properly.: These two f. -actors often preclude 

the use of package plants for individual residences. Conventional 
septic systems, which require very little maintenance on the pa:-t 
of the owner , often fail through neglect of even the bare 
essenti-als such as pumping out the solids every two to three 
years. Biven the lack of sittention paid to maintenance of ever 
t h e m o s t s i m p 1 s e w a g e d i s p o sal s y s t e r'i , i t i s u n r e; a son -a la 1 e t c 
a s B u rii e t hi -a t i n d i v i d u. a 1 a n -- s i t e p a c k a g e plan t s w i 1 1 b e p r o p e r 1 y 
maintained by the owners,. Service contracts could be arranged 
f o r fi ■ a i n t e n -a n c e o f p a c i-:: -a g e t r e a t m e ri t p 1 a n t s , b u L t h i s w o u 1 d 
f ]'■■ t hi e !'■ i n c r e a s e t h e c o s t s a n d w o u i d p i" o b a. b 1 y be i n e f + e c t i e 
unlesBS such an arr ang-sment v*jas mandated as a condition for 
operation of the plant. It has also been suggested that 
management districts could be set up within a community '"or 
the purpose of operating and maint-aining individual an -site 
systems, (16), but the costs would still remain high. It also 
is unlikely that such an arrangement would gain wide acceptance 
in any cor>inu..in i t y -given the current tr. 2 nd toward reduced .tegui at i on 
ta y g o V .e i" n m e n t a g a ri c:: i e s .. 

‘ 2; E'-'apctr i^nspi rat on , E v -a p o t r -a n s p i r -a t i o rj s '/ s 't e rn s h a v e b e e n 
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i.ns ^■SLibjsct L.f sxtsnsiva rs::;--'arah ar-forta and tr.are are 
•workable designs in use. Elvapotranspi rat i on sv'stems empic;/ ; 
treat iTient tank -for separation of solids, followed by a mourid or 
bed whioh disposes of the liquid effluent through a combination 
of evaporation to the atmosphere and transpi rat i on by ground 
cover and plants located on amd around the rnound/bed. The mound 
or bed is installed above an i mpervi ous 1 aiye^r , usually a plastic 
material , to prevent liquid effluent from i nf i 1 tra.t i ng into the 
ground surface and contaminating ground water supplies. Although 
eva.potranspiration systems ha.ve been effective in warm climates, 
there are indications that they are not suitable for colder 
regions such as Pennsylvania (15). 

( 3 ) E 1 e V a t e d S a n d hi o u n d s . Elevated sand mound systems arnploy 
a septic tank or an aerobic treatment tank for separation of 
solids. The treatment tank is followed by a pressu.i'-i ced 
distribution systemi which distributes liquids evenly over an 
above ground drainage field. The liquids are renovated by 
p e r c o 1 a t i o n t h r o u g h t. h e s a n d fill (n a t e r i a 1 and t h e n a t u r a 1 soils 
located under the mound. This system works well in cases where 
a conventional soil absorption system cannot be used due to 
unsuitable soil conditions, high water table, or shallow depth 
to bedrock. Elevated sand mounds have been ir use for over 40 
years and have been tested e;: t ensi vel y . Mound systems ars; more 
e pens! v e t h a. n c a n v e n t i o n a 1 soil a b s o r p t i o n s y stems, b u t a r e f a r • 
less eKpensive than most package systeims or other al tcirnat i ve 
technologies. Eleva.ted sand mounds are relatively easy to install 
arid will function properly for many years with, only minimal 
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fna : ■■ _:nance . 



Figure 1=1 illustrates the basi... eomponents ot the 
elevated sand mound system that is commonly used in Pennsv'i vani a= 
T h e e 1 e v a t e d s a. n d m o u r\ d i s e s s e n t i a 1 1 y a n a b o v e g r o u. n d , m a. n ~ 
made, drainage -field which is used to renovate treatment tank 
effluent. The -elevated sand mound system is installed in 
areaiB in which a "limiting zone" such as a high water table, 
i mpjermeabl e layer or bedrock is- encountered near the original 
ground surface. The shallow depth to the limiting zone is 
usually the factor which precludes installation of a 
conventional soil absorption system. 

Referring to Figure 1 = 1, it can be seen that -the c^i e-vat ed 
sand mound consis-hs of four basic types of fill material. The 
bottom layer of fill is sand. The depth of sand required 
'varies wi-hh the depth to the limiting zone. The next layer is 
an aggregate material which surrounds a piping grid designed 
to distribute the treatment tank effluent over the entire 
surface area of the aggregate. This area is referred to as 
the "aggregate absorption area". The aggrega.te and the sand, 
a. s w ell a s t he n a t u r a 1 s o i 1 -s from t h e s u r f ace o the limiting 
zone, ser've to reno'vate the treatment tank ef-rluent. The 
aggregate is covered by a thin layer of hay, untreated building 
pa'per , or a cornerci al 1 -y available filter fabric. The purpose o-<- 
this layer i -s to prevent soil particles from, clogging the 
a g g r e g a t e bed or t h e d i s ’t r i b u t i on p i p i ri g = T h. e final 1 a y e r is 
the soil CD'ver which surrounds all of the previously described 
fill. The purpose of the soil cover is to protect the aggregate 
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filter F^BRIC/HAY distR\BUT\OM 





B. PLAN VIEW 

Figure 1.1. 

Components of a Sand Mound System 

9 



iind Si^HD fill laye'-s from srosion ?nr. tc ^.^al che' s-, fror?' 

the outbids environments The soil cover also helpc ro prevent 
freezing of tr eat mien t tank effluent in the distribution piping 
in the winter months. The distribution piping cembedded in the 
mound is a grid made of F'VC piping which has been perforated au 
si;-! foot intervals. A “dose" of treatment tank effluent is fed 
to the distibution system under pressure by a. pump or by a. Bipi"iQn 
located in the dosing tank which is a.d jacsnt to the treatment 
tank. This process is called "pressure dosing". The individual 
components of the system are described in extensive detail in 
later chapters of this report. Construction of elevated sand 
mounds in Pennsylvania will be the focus of this study, as 
described in the remaining sections of this chapter. 

Background,'; Elevated Sand hound Systems 



Elevated sand mound systea'rs have been used extensi'/elv 
in many areas of the United States. The basic design principles 
have evolved from the early NODAK mounds introduced in Norch 
Dakota to the latest designs now used in Wisconsin, Penr sy i van i a , 
New York, Indiana, and most of the other states ir the Ereat 
L a. k e s r e g i o n . M o u n d s y s t e rn s also h a v e been i r-' t r a d u c e d i n o t h e r 
areas of the country' such as Ne'w Mexico and California '17) 
and also are in use in Canada, The current "state of the a.rt" 
in sand mound sewage disposal techncslog'/ originated in large 
part from the Small Scale Waste Management Project at the 
University of Wisconsin (13, 2S) .. In addition, Purdue 
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■Jn.i 'a-t-'i.ty up a !*raear::!i prc;..:iei:,i . ai ui i 1 t ;i' tha ona 

establiahsd at acicrsi n , using mDund ■=■, -stems based largely 
GR the Wisconsin design (33, 34). 

E .1 e V a t o d S a. n d !'1 o u. n d s in P e n n s y 1 v a n i a. . 

ApprcK i matel y 13 percent of the soil area in the 
Commonweal th o-f Pennsylvania is suitable -for installation of 
conventional soil absorption systems (6, 23). It has been 
estimated that of the remaining S7 percent of the soil area, 

45 percent is suitable for installation of alternative on-lot 
seKiage disposal systems, such as elevated sand mounds, and 
that 42 percent is not suitable for i nstal 1 at i on of any type 
of on-lot sewage disposal system involving soil absorption (6, 
23, 32). The positive economic impact of continued growth in 
the residential construction industry should, therefore, dictate 
the enthusiastic approval of these systems by all interested 
parties. That has not, howraver , been the case in f='ennsyl vani a . 

Failure Pates: Conflicting Eval uat i one ■■ Hy d r an 1 i c fail ur e 

of an elevated sand mound system is usually defined as the 
d i s c h a r g e of e f f 1 u e n t t o 1: he s u r f a c e o f t h e g r a li n d . This 
definition, however, is very narrow and does not address other 
evidence indic-ating that a system is malfunctioning. A better 
definition, adopted as a policy statement by the Great Lakes - 
Upper Mississippi River E-:oaird of State Sanitary Engineers, is 
s t a. t e d a s f olio w s s 

"Failure of a subsurface soil absorptiion system 
1 i 



shall inclu.de, but not be limited to^ the oc: c u.r .-ence 
a-f any one, or combination o-f , the following -factors; 

1, The system re-fu.sf?s to accept sewage ef-fluent 
•at the rate of design application, resulting 
in interference with plumbing fixture use, 

2, Sewage effluent exceeds the infiltrative 
capacity of the soil, resulting in ob jecti on-abl e 
odors, ponding, seepage, or" other discharge of 
effluent to the surface of the ground or surface 
waters. 

3, Ef f lueiTit discharges from the absorption 
system result in conta.mi nat i on of a potable 
water supply, groundwater, or surface waters. 

Conditions of malfunction caused by a rarely occurring 
phenomenon, which is not seasonal, and is self correcting 
without physical alteration of the absorption system are 
not considered to be failures." (1) 

There has been a continuing debate concerning the 
effectiveness of elevated sand mound systems. Field studies have 
been conducted at various locations around the Great Lakes region 
in an .atteimpt to evaluate the per f ormance of elevated sand mound 
syste.ms. The results of those studies were inconclusive and only 
served to axdd fuel to the debate. For example, in a. 1976 study of 
mound systems in Erie County, New York a success rate of S8.9 
percent was documented (17). .In the Erie County study, 121 of 136 
mounds ware found to be in sound operating condition based on a 
12 
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dye test designed tc; reveal hydraulic -failure o' the mu.:';d= T^-'S 
study alsc revealed that there was no statistically siqnifisanc 
difference in the failure rates of new niounds and mDunds whicn 
had been in a per at ion for as long as 30 years. In contrast , a 
197S-79 study conducted in Pennsylvania by personnel at the 
Institute for Research on Land and Wa.ter Resources, at The 
Pennsyl-v-ania Stats University, reported a success ra.te of only 
57 percent (6). The Pennsylvania study was based on field sampling 
of Si elevated sand mounds, most of which were less than five 
years old. It is interesting to note that the Pennsy 1 van i a study 
also included a questionnaire which was sent to 705 municipal 
sewage enforcement officers asking them to provide data concerning 
the failure rate of Pennsylvania sand mounds. Quest i C'nnai re 
responses were rece?ived from 361 of the 705 sewage enforcement 
officersu The respondents reported that only 6 to 7 percent of the 
2700 systems installed in their municipalities were malfunctioning. 
The failure rate reported by the sewage enforcement officers was 
far below that which was observed in the field. The wide variation 
in these figures may be attributed in part to the fact that the 
o u r r a n t r e g u 1 a t o r y s y s t e m e m p 1 o y e d in the Comma n w e a 1 1 h o f 
F'enns'/l vani a places erriphasis on inspection prior to construction 
of the elevated sand mound for the purpose of site suitability 
evaluation. Sewage Enforcement Officers generally are not 
encouraged by the employing municipality to actively search for 
failing systems which are in -violation of env^i ronmental 
regulations. In most oases, the only time that a failing system 
is identified is when a complaint has been receive'd :oy the local 



13 



Tiuni ci pal :L t ; or ^:.he F'ennsivl vani a Jepart^Tient oi Eri'- . ronniE- , tal 
RiS'ac'urces. The Pennsylvania study also stated that the failure 
rat 03 of mound systems appeared to be related to the age of the 
system, with the failure rate for older systems being much higher 
than that found for newer systems^ 

Research findings published by Purdue University indicate 
that pressure dosed mound systems, similar to those used in 
Wioaconsin a.nd Pennsylvania, have cperatisd for the past five 
years without any reported failures (34). 

Finally, in a speech presented at the On-Site Sewage 
Treatment Conference held at the Pennsylvania State University 
in February, 19S6, Dr. J. Converse , Professor o-*- Aqri cul tu.ral 
Engineering, University of Wisconsin and Director of the Small 
Scale Waste Management Project reported that the failure rate 
for mound systems in Wisconsin was less than three percent (32;, 
This figure was based on annual County inspections of all imcunds 
in the state of Wisconsin. 

The conflicting results of studies such as those 
described above has resulted in the lack of acceptance of 
■elevated sand imounds by some of the key parties in the 
i'esidential development process. The conservative position 
taken by the Farmers Home Administration (“mHA) has been 
parti cul arl y damaging to the residential construct i on 
industry. Elevated sand mounds presently are not approved for 
u s e o n h o m e s w h i c h are f i n a n c e d t h r o u. q h F m HA 1 o a. n p f - o g r a m s . 

M a r'l y b u i 1 d e r s a v o 1 d i n s- 1 a 11 a t i o n o f e 1 e v a t e d s a n d m o u. n d s i n 
order to protect themselves against liability fcr failed systems. 
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Working Tnw.:^rc a Conc^nsu^. Tr?;/ "cnf 1 i ok i r,g i-eo.ilto ot ths 



stoidies described above can be attributed to many causes. First 
□ t all, at the time the -first two studies were coriducteG, 
uniformly accepted standards for design and construction of sand 
mound systems had not been developed. That is still the case today, 
but the gap is much narrov*,ier following publication of recommended 
standards by the Great Lakes - Upper tlississippi F,iver E<oard of 
State Sanitary Engineers in 1930 (1). Another possible cause of 
the divergent results was the method of testing. The Erie County 
study was based on dye tests which were designed to reveal 
surfcice discharge of effluent. These tests did not necessarily 
reveal hydraulic failure unless the system was in serious 
distress and the mound was saturated at the time of ths test. 

On the other hand, the Pennsylvania sampling involved a much 
more detailed evaluation of site conditions and an evaluation 
of ths probable causes of ths hydraulic failure of the mound. 

There are many other variables which could help to explain 
the conflicting results of the studies, but che point to be made 
is that there will be no concensus on the effectiveness of 
elevated sand mounds until uniform standards for design and 
ronstruction have been adopted. It also should be clear that 
conclusions cannot be drawn based on any single study due to 
the wide variations in testing methods and the definitions of 
"failure" used in the various studies. 

The latest standards adopted by the Pennsylvania 
Department of En vi ron.inental Resources (19) include changes 
which bring the Pennsylvania design in line with the reliable 
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designs which have been proven in other location-:. The 
performance of mounds constructed under the iate-st DEF? design 
standards has reportedly been SKcept i onail 1 y good (32): 

The current designs for elevated sand mounds are reliable 
and proven through extensive use in iTiany areas of the country. 
There are only minor diff-erences between the desicn-s 
recommended by the Great Lakes - Upper Mississippi fl'iver 
S o a r d of S t a t e S a n i t a r y Engine e e r s , t h e S m a 1 1 3 c a 1 e W a s t e 
Management Project at the University of Wisconsin (28), and 
those recommended by the Pennsylvania Department of En -vi ron mental 
Resources. Continued attempts to -field te-st proven systems 
appear to be wasteful. It is the opinion of this author, based 
DR review of field evaluations of mound systems and literature 

p u b 1 i 3 h e d b y s a n i t a r y e n g i n e e r s , r e g u 1 a t a r y a g e n c i e s , and 

research or gan i cat i ons , that the systems work well and do not 
have an unreasonably high failure ra.te. This sentiment was 
best expressed in a. report presented by Mr. Gary D. Plows of 
the Washington Stat-e Department of Social and Health Services 
to the Fifth National Conference on Individual Onsite 
Wastewater Systems in 1978: 

"Good information is available on some innovative 
methods. For example, consi derabl e perf ormance 
i nf or mat i on on mounds is now available. While some 
min D r v a r i a t i o n i n b a s i c i n □ u. n d d e s i g n m a y b e 

i’l e e d e d t h e b e sic d e s :i. g n is r e 1 i a b 1 e a n d p r o v e n , 

and the information is available. There do-es not 
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appe-ar t □ be a need to establish rnora mQu.nds for 
research purposes for the proven appi i cat i ons in 
most climatesn To restudy the mound system design 
in every state would seem to be a totail waste of 
money and manpower? yet, it is being done in 
several s t a t e s t o day. . . R e q u 1 a t o !'■ y a g e i-i c i e ia s h o u 1 d 
review and accept or reject, but refrain from 
furthering the "We must do it here" syndrome for 
every alternative." (17) 

Rejection of elevated sand mounds by FmHA, which is in 
effect a regulatory agency in this matter, is difficult to 
understand, given the prsponder ance of povsitive e'-^ai uat i ons 
of these systems. 

Causes of Hydraulic Failure in Elevated S-and Mounds. 

The c a u s e s of h y d i'- a u. lie f a i 1 u i- e of el e v t e d s a n d m o u. ri d s 
can be categorised into the fallowing primary areas, improper; 
d e s i g n , c ot n s t r u. c t i o n , i n s p e c t ion, o r rn a i n t e n a n c s . 

De-' i gn - T hi e d e sign Lise d in F' e n n s y 1 v a r i a b e f o r e h e n e w 
DER standards were adoptfid in 1933 was based on gravity flov^.! 
of effluent into a distribution bos; and then into the mound ror 
distribution through a series of perforated pipe sections. 

N u m e r a u s h y d r a l.i 1 i c f a i 1 u. r e s o f these ni o i..i n c j s were d o c u m e n ted , 
many of which v-)ere caused by an une?ven distribution of the 
G?ffluent in the mound. The uneven distribution combir.ed wish 
an irregular dosing rate often resulted in formation of a 
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o-^ crL.'.s^: ^ - "ntual : • • became i riiptirmeab I e . pondinc; 

within the mound wae also a CDmoian occur '-ence whi. ch 
eventually resulted in compaction ot the underlying fill and 
creation of an impermeable surface which acted as a channel 
for hydraulic f at i lure of the mound >:6) .. The design standards 
for elevated sand mounds were revised in 19S3 to include a 
p r' e s s u r e d o s i n g s y s t e m w h i c h i s d e s i g n e d t o e 1 i m i n a. t e t h e 
problems described above. As a result, sand mounds are now 
fed via a pressurised system of small d.iameter perforated 
pipe. Dosing is controlled so that a measured dose is applied 
during each cycle of the pumping system. It is widely believed 
that the latest design changes have eliminated the problems 
described above. Conversat i ons with builders and with DER 
personnel confirm that there have been no known failures of 
systems built in accordance with the 1983 DER standards. 
Additional field surveys will be required to verify the 
p e r f Q I'” m a. n c e o f t h e s e newly i n s t a. 1 1 e d s y s t e m s . 

Inspection . H'/draulic failure of sand mounds al so has 
b e e n a. 1 1 r i b u t e d t o t h e improper i n s tall a t i a n a p p r a v a 1 of m o u n d 
systems in areas with unsuitable soils or a high water table. 
The responsibility for inspection of the site and evaluation 
of the soil conditions lies with the Sewage Enforcement 
Officer. The standards for approval or rejection are 
e s t a b 1 i s h G d b y D E R a n d i m p 1 e n i e r: t e d b y the S E! □ i n 1 1. e field. 
Responsibility for enforcement of the DER standards is 
delegated to the local municipalities. It is, therefore, 
absolutely essential for each municipality to employ a SEO 
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who 3 hj.ghi\ t.-aiood in ti>G design a~d oonotrucci. j > 3 + Qr-*3ite 
sewage disposal sysherns and who is knowledgeable concernir-g 
t hi e 1 Q c: a 1 s C3 i 1 c q n d i t i o n s « S t i-“ i c t a d h e r e n c e t o t hi s s t a n d and s 
s e t b y D E R , c a n b i n e d w i t in k n c w ledge a f t. in e 1 o c a 1 s a i 1 
conditions, should prevent this type o-f f-ailure. 

Mai n ten an re. Improper maintenance ot the mound sv'steiT. 
■following installation also has re-sulted in hydraulic -Failures. 
Failure to pump out solids from the treatment tank on a re;qular 
basis can result in carry-over of solids into the di stri but: on 
system and can lead to clogging. Failure to control erosion of 
the outer soil cover also can result in hydraulic failure. 

Mound failure also can be caused by disturbance of soils 
immediately adjacent to the fill area. There are numerous other 
maintenance related problems which could result in eventual 
failure of the mound, all of which should be pointed out to 
t h e a i'j n e r 1..1 p a n completion o f c □ n s t r- u c t. i a n . The o w n e r m u -s t b s 
made aware of the envi ronment al hazards related to failure of 
the system so that he will take appropr i iste action to correct 
minor problems before a serious failure occurs. Unf or tur.atal y , 
many owruars are reluctant to report problems because of the 
additional e^^ipanses which will be incurred for repair or 
r e p 1 a c e in e !-i t o f the s y s t e in C 2 3 ) . 

A fact sheet, included in Cha'.pter 5 of this report , 
contains i nf ormat ion which should be provided to the owner by 
the builder at the time the system i-s turned over.. The fact 
sheet li'sts some basic operation and maintenance reccmmendat i ons 
which, if followed, should ensure proper operation of the system 
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If! addition, it. is recoiTimended ttiat the builde; 
hnake arrangements for a service contract designed to provide tor 
septic tank pumping (or periodic inspection of tlie mechanical 
•and electrical components of the aerobic treatment system.^ and 
inspection of the distribution s y s t e .m T h e c. o s t of the s e r v i c e 
contract should be included as a part csf the construction cost of 
the system. The use of the service contract approach m-ay also 
he.lp to alleviate some of the perceived problems associated with 
the use of septic tanks or aerobic treatment tanks for residential 
wastewater disposal . 

Construct i on . Construction rela.ted failures include such 
problems as improper preparation of the soil surface prior to 
pliicing fill material, compaction or smearing of the soil in 
and around the fill area, compaction of the fill material, 
crushing or improperly connecting distribution piping, 
and many others. These proble.ms will be addressed in detail 
in this study. 



Problem Statement 

Fail u r e s of e 1 e v a t e d s a n d m o u n d s y s t e m s i n P e n n s y 1 v a n i a. 
h.ave been attributed to deficiencies in design, const!--uctiQn, 
inspection, and mai ntenance of the systems. Construction 
related failures may very well be due to low levels of 
c o n t r a <ztar 1: n o w 1 e d g e a n d e k p e r i e n c e in t h e const !'“ u otic n o f 
mound systems. Given the fact that there currently is no 
requirement for contractor certification or special ii:ed 
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traininq tar i n'~ ::al 1 at i qii or elavated sand incunds, there is a 
need -for a concise re-ference publication which addresses the 
essential elements o-f the construct i an procedures associaced 
wit hi .' 11 Q u n d s y s t e rn s . 



Objectives 

The primary objective of this study is to promote the 
reliable c o n s t r u. c t i o n a n d o p e r a t i o n o -f el e v a t e d s a n d mo u. n d s 
i n t. h e C o m tn o n w e a 1 1 h a t P e n n s y 1 v a. n i a . This o b j e c i; i v e w i 1 i b e 
me3t through development o-f a construction manual which can 
be used by contractors who have little or no eKperience in the 
construction o-f mound systems. The manual will include a step- 
by-step do=scription of all phases of the construction process. 
The manual also will address all regulatory requi rements , 
d e s i g n s t a n d a r- d s , a n d m a i n t e n a nee p r- o c e d u r e s applicable t o 
mound systems installed in Pennsylvania. 

Gi-oani c at i on 

Thee first chapter of thi...' manua.;. includes e;-; tensive 
background i nf .cirmat i on and a statemenc of the problems to 
be addressed in the remaining chapters. The rejmainder of ti'ie 
manual is organized as described below;: 

The second chapter addresses the evaluation of the 
site cenditions in order to determine the suitability 
21 



oi the :>ite foi' ’ 1 -At on a :• an elevated isend me'.. no. 

The role o-f the SEu ie eddreseed in detail and soil 
e V a 1 u a t i o i t p r c c e d u. res i n c 1 u. d i n g t h e p e r c o 1 a t i o n t e s t , 
visual inspection tor soil mottling, and the use ot SCS 
Soil Surveys for site evaluation are discussed^ 

Cha.pter 3 addresses the design standards associated 
■>.i i t h e !L e v a t e d s a it ci m o u n d s c o n s t r u s t e d i n F e n n s y 1 '/ -a. . t i a. . 

Specific topics addressed include siaing of the mound aid 
design of the pressure distribution system including all 
mechanical CQmpJonents^ 

The fourth cha.pter describes the constr uct i on procedure 
in detail., including recommendati ons for q.jality contr-ol and 
q u a lit y a s s u r • a n c: e , S p e c i f i c r e c o m rn end a t i o n s a r e pro v i d e a 
for methods, materials, and equipment. Improper construct i on 
practices which could lead to eventual failure of the 
mound are discussed in detail. 

Chapter 5 addresses tne operation and mai n t enanse 
responsibilities of the owner. A fact sheet describing the 
operation of the system and a listing of required 
mai ntenance tasks and appropi- i ate maintenance i.itervals 
is provided. The f.ict sheet should be ccimplesed by the builosi 
and turned over to the owner upon completi-on of each project. 

The critical role played by the owner in ensuring th-at ihe c/str?m 
.-emains in proper war:::ing ordc?r is emphasi e ed in this chapter. 

Thaa final ctiaoter summaricoe the irr-ormation presented 
the report anc presents conclusions reached .jv the 
autlior based on -ield observation of mound construction 
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rnade conueriii .ig areas far fuf'tdsr research. 



CHAPTER 2 



J3I TE SUCTA9ILITV FOR , 

QN-LOT SEWAGE DISPOSAL 

R g 0 u 1 a 1: o r y P p p r o a c h g s 

In response to publis pressure on govern -Tien ts to protect 
surface waters and groundwater supplies from contami nat i on by 
wastewater, many states have adopted strict regulations which 
gDve?rn the installation of on-lot sewage disposal systems. 

The regulatory approach varies from state to stats, but the 
foous in silmost all oases is on the initial evaluation of the 
s u i t b i 1 i t y of t !‘> e s i t e = T h e sit e e v a 1 u a t i o n is u s u all y a 
part of the permit application process prior to construction. 
As such, it helps to prevent the installation o-- systems 
which will fail at some future date due to unsuitable soil 
conditions or other limiting factors associated with the 
site. 

State Regulations. 

The level of control eKOrcised by the government ovsr 
the installation of these systems also varies widely. In West 
Virginia, for eKample, the State Depsir t ment of Health 
requireps all installers of septic tank systems to attend a 
t r a i n i n g p r a g r a m s p a n s o r e d b y t h e D e p a r t m e n t a n d a Iso 
r e q li i r e s e a c h i n s t a 1 1 e r to p a ' jp s a w r i 1 1 e n e x a m i n a t i o n i rt 
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order to obtain cart 11 - i cat i or for 1 . nstal .l at i on of septic tank 
s y 5 1 a m s c:i f a n y '!•••; i r"! d ( 1 6 ) 

In Wisconsin, the focus i s on those who inspect and 
issue permits rather than on the installer. The stats 
requires that each site proposed for an on -lot sewage 
disposal system be evaluated by a "Certified Soil Tester". 

In order to obtain cer t i f i cat i on , these persons must attend a 
state sponsored training program and pass a written 
certif ication examination (16). There are no prerequisite 
qual if ications required for Certified Soil Festers other than 
the training discussed above. The training program places 
strong emphasis on soils analysis. Personnel -rom the U.3. 

Dep ar t men t of Agri cu 1 1 ur e , So i 1 Con ser vat i on Ser vice have 
been employed to assist in the training program (16). 

The approach employed by the Conrimon weal th of 
P 0 n n s y 1 v a f - 1 i a is s i m i 1 a r t o t h a t t a k e n by Wisconsin. T li e 
evaluation of site suitability is the responsibility of a 
Sewage Enforcement Officer (SEG) . As in the case of 
Wisconsin, there is no prerequisite qua! i f i cat i on -or 
employfnent as a 3E0. Each individual muse pa.ss a writte^n 
cert i -F i cat i on examination. Attendance at DER sponsored training 
s e s s i o r s is e n c o u r a g e d , b u t n a t i"- e q u i. i- e d . The t r a i n i n q prog a m 
addresses the admi ni street! ve responsibilities of the SEC) and 
the technical functions of site evaluation, system design, and 
const ruct i on inspection. Cer t i f i cat i on must be rervewed at tvijo 
y e a r inter v a is an d t h e S E G ' s mu s t c cd m p 1 e t e c a n tin u 1 n g e d u c a t i o n 



requi rements to maintain cer t i f i cat i on - 



Th^; •s?qi.ilat:i. ans j. n -forCG in F ennn -'1 van i a placv' a -^traiq 
emphasis on prevention of sewage syistefn failures through 
evaluation of the site conditions as a part of the permit 
approval process = In a speech before the First National 
Conference on Individual Gn-Site Wastewater Systems, 
sponsored by the National Sanitation Foundation in 1974, WUD. 
N i d d e n d o r f , D i r e c t o r , B Li r e a u o f Com rn u nit y E n v i r o n m e n t a i 
Control , Pennsylvania Department of Environmental Resources, 
described the focus of the regulatory approach as follcws; 

" The types of systems that are used and 
provided for in the regulations are correlated 
with soil types. We rely not so much on the 
percolation test, though it is still used, but 
rather we rely very hea.vily on the soil profile 
itself. Therefore, it is mandated thavt for every 
lot,,, soil profiles must be done down to a depth 
o-F seven feet or until you hit a limiting cone 
such as the seasonal high water table or 
bedr ock , " < 16) , 

1' h e N e e d f o r E f f e c t i v e C o n t r o 1 , 

There is an obvious need for effective control of the 
i n 5 1 a 1 1 a t i Q n of □ n •- :L o t s e w a g e d i s p o s a 1 s y s t e m s in o r d e r t o 
prevent pollution of ground and surface vgaters. It also is 
i (Tiportant , however, to recognise the economic impact of 
ineffective controls. The "bad name" associated with on-lot 
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s&wi-CF: _ii -iyaitsms been atcainee in large- part 

because of ineffective control by Elewage Enforcement Gff.’. cai's 
as well as ineffective quality control by installers. These 
problems will have to be resolved in order to obtain 
widespread acceptance of these s-ytems by lenders who f i nance- 
re s>i dent i a. 1 construct ion projects and by mortgage bankers. 

T hi e p o -Si- i t i o n t a k e n b y t h e F a r m e r s hi o -n e A d rn i n i s t r a t i o n ( F m h' A ) 
at the First National Conference on Individual On-Site S'eiAiage 
Disposal Systems (IS) is indicative of the di seat i sf act i on 
with the level of control practiced at that time. Although 
there have been significaint improvements made in inspection 
and quality control practices, along with a number of 
technol ogi cal advancement s , the comments m-ade in 1974 still 
apply in many ways to the situation today: 

" A technical committee developed a Manual o-i- 
S e p t i c T a n k F r a c t Ice t o s-olve the growing need 
for temporary use of septic tanks for waste 
t r e a t men t i n s i_i b d i v i s i o n s t h a i; c o u 1 d n o t a f f c r d 
c e n t r a 1 s y s •!;: e m s i m m e d i a t e 1 y . T h e o r i g i n a 1 
c c rn m i 1 1 e e m e m b e r s f e 1 1 t h a t t h e d a t iS d e v eloped 
would be adequate for most soils and site 
conditions to serve from 3 to 5 years. Today, 
the M a n u a 1 c f 3 e p t i r: T a n k P r a c t i c: e is used by 
builders and others to convince rural home 
buyers that a septic tank system designed in 
a c c a r d a n c s w i t h t h e s e s t a n d a r d s will q i v e long 
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1 a 5 1 i n q , t r o u b 1 e -f r as s a i- v i c a f a t ri s 3 3 ■ a a 

period ai t h a lea n « U n -f o r t u n a t s i y ^ F rr I-! A h a s 
■found on numarou.s occasions that saptic tank 
-Failures cause a dsersas-e in the value o-F rural 
h ! j m e s ; c a n s e q u e n 1 1 y , w a d i s c o u f'- a g e t hi e e x t e n -s i v e 
use o-F septic tank-s in rural subdivisions." 

The spe-akar , Mr. Cecil W. Rosa, than addressed the issue 
of i net -Fasti ve control as -fellows: 

" In my home state of Virginica there are 
contractor-s who joke that it is possible to get 
an-y lot to "perk" by pa^ying the County Inspector 
^'50. Eeca-iuse o-f these and similar occurrences, 
septic tanks have received a bad name. Studies 
show that only about 30/1 o-F the soils are 
really suitable tor septic tank use. Still, 
builders want to build septic tanks on every 
site. In some areas, one lot will percolate, 
while one adjacent might -fail misei^ably. 

It will be necessary to g:^ve greater 
e m p h a s i -s t o h o n s s t e v a 1 u a -i; i □ n o f s e p t i c t a n ■■■:; -s 
and on the use o-f other on-site treatment 
systems. " 

Given the present economic climate, in which new 
community sewa.ge disposal -facilities are not likely to be 
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bi.ii .1 ■: unless -vinanced and operated privately, ths'^'e will be 
increased demand tor effective an-lat sewage disposal systems. 
It is hoped that this report will assist in the resolution of 
conflicts between builders, lenders, and regul ratory agencies 
by contributing to more effective control of the construction 
of elevated sand mounds in Penney 1 van i a . 

The Role of the Sewstge E'.nf orcernen t 

The . Pennsylvania Sewage Facilities Act of 19S6 (19, 20) 
requires all muni ci pa.i i t i es to employ a Sewage Enforcement 
Officer (SED) . The SEO ' s primary responsi bi 1 i ty is to 
administer the inspection and enforcement provisions of the 
Act as they pertain to individual on--site ssv^age disposal 
systems,. In many cases, however, the SEO also assists the 
municipality in the admi n i strat i on of the portions of the 
Act pertaining to periodic updc^tes of the master plan for 
sewage f ac i 1 i t i es i n the mun i c i pal i t y . 

The SEO is an employee of the municipality and is not 
under the direct control of the Pennsylvania Department of 
E n V i r o n m e n t a 1 R e s o u r c e s ( D E R ) . D E R e s t a b 1 i s h e 3 t hi e s t a n d a r d s 
which are enforced by the SEO and provides for training and 
cert i f i cati on of all SEO's„ DER does have some control over 
the enforcement of the Act at the municipal level because it 
c an re v a k e the c e r t i f i c a t i o ri of an SEO if t hi e re is e v i d e n c e 



that the individual is not enforcing the resgulations properly 
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Th er 2 3r s app; r qk i mat s I y 2 = SSQ'i mu.ri i c i p a. 1 i t i es i n t ha 
Commonwealth of Penney ?l van i a. which are served b/ 
approx i mat el y 700 certified SEG's. There are many mare 
certified SCO's in the Commonwealth, but most of them are not 
actively engaged in pra.ctice. The municipal 3EG may be a 
full time employee of the municipality. In most cases, however, 
he is a pa^rt time employee working on a. reimbursitale baisis 
for several municipalities. Some of the SEiO ’ s are private 
contractors, others are emplo'/ed by consulting engineering 
firms who also provide other servi ces under contract to the 
municipality. The SEO function also may be a collateral duty 
assigned to a local zoning officer, municipal engineer, or 
other mun i c i pal emp 1 oyee . 

Fees for SEG services, such as site evaluations and 
percol a.t i on tests, are established by the municipality and 
vary widely throughout tha? Commonwealth. The fee for the 
basic services described above varies from $70 to $703 
depending on the location (32). It is the opinion of the author 
that the $730 fee for this service may reflect the f-act that 
some municipalities seek to use the Sew-age Facilities Act as 
an exclusionary zoning tool by charging unreasonably high 
rates for SEG services. 

S 1 1 e FZ -V- a 1 l.i a t i o n P r a c e d u r e . 

The builder or other pjerson who desires to install -an 
on-lot sewage disposal system must first contact the SED and 
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submit a permit app 1 i cat i oit „ The BEO than will ac'---aa the 
applicant when he can visit the site to conduct the site 
evaluation. In most cases the applicant has some idea 
about the desired location -For the septic tank, dosing 
t. a n k , a n d d r a i n age -field. I n m a n y c a s e s , a c c m p l e t e d e s i g n 
vjill have been prepared by an engineer. The BED also may 
provide design assistance in some cases and will review all 
designs prepared and -submitted with the permit application 
-for c G fn p 1 i a n c e v-j i t h t h e r e g u 1 a t i o n s . 

Factors Bovernin.g Location o-f the Ab-sorption Area. There 
are several -factors which will govern the location of the 
proposed drainage -field or "absorpt i on area". First o-f all, 
the slope cannot exceed S percent for installation of an 
elevated sand mound (.19, 21). In addition, the sand mound 
cannot be located; <i) in a known -flood plain area or in an 
existing draiinage way, (2) in areas where rock outcrops exist 
within tlie proposed absorption area, (3) over lime-stone 
depres-sions or sinkholes, or (4) over fill material (19). The 
regulations al so specify "isolation distances" which irii 1 1 govern 
the location of the absorption area. Applicable isolation 
distances are summarized below (19); 

Horizontal Isolation Distances (ft) From Septic Tank To; 

P r o f 5 e r t y i n e s 13 

Easements 10 



Right -o-f Way 



I 

J 



Occupied Buildings 



Pools 10 

Driveways 10 

Water Supply System Suction 50 

Water Supply Line Under Pressure iO 

Surface Waters 25 

Horizontal Isolation Distances <ft) From Mound Per;, meter Tos 
P r o p e r t y L i n e s 1 0 

Easements 10 

Right-Of-Way 10 

Occupied Bu i 1 d i n g s 1 0 

Swimming P '.a o 1 s 1 0 

Driveways 10 

Water Supply System Suction lOO 

Water Supply Line Under Pressure 10 

Surface Waters 50 

Other Active On -Lot Systems 20 

S u r f a c e D r a i n a g e w a y s 12 

M i n e S u b s i d e n c e A r e a s / B o re H o 1 e s / S i n k h o 1 e s 1 0 0 
Rock Outcrops or Shallow Rock Pinnacles 10 

Natural or Manmade Slope Greater Than 25 X 10 

It is important to note that these isolation distances 
will be verifit-?d on site by the SEC during his inspection. In 
addition, the eventual occupant of the residence should be 
aware of the need for maintaining the distances. Installation 
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o-f ■' dr immediately adjacent to the mcund on the downelopa 
side, tor example, will result in encessive compaction o-f 
the soils a n d will p r o b a. b 1 y c: a u. s e t h e e v s n t Li a. 1 ti y d r a i..i lie 
failure of the imaLind, The builder should assume 
responsibility for providing this information to the owner » 

This issue is addressed in detail in Chapter 5. 

There is no minimum lot -sise specified by DER for 
instal 1 ation of an elevated sand mound system. In some areas, 
however, large lot sizes are required by the local 
municipality if such a system is to be installed (12). This 
type of requirement often is based more on a desire to 
e >; c 1 LI d e c. e r t a i n t y p e s o f h i g h d e n s i t y d e v e 1 o p e n t than an a 
need to protect the environment. 

Er ami nat i on of Soil Prof i 1 es . Once the site for the 
drainage field (elevated sand mound in this case) has been 
identified, the SEO designates the locations for one or more 
backhoe pits to be excavated. These pits must be located within 
10 feet of the proposed drainage field. The excavation mu.st 
ex'tend to the top of the limiting zone or to a maximum depth of 
eight (19, 21). In most ca-ses, a depth of five to seven feet will 
be adequate. The purpose of the backhoe pit is to permit the SE'O 
to examine the soil profile. The SEO V'Ji 1 1 examine the soils and 
will identify the limiting zone if it exists in the exposed 
profile. The SEO will be lookinq for limiting factors such as the 
existing water table level, the presence of soil mottling (which 
could be indicative of a seasonally high water table), impermeable 



i 



'nateri-3i I'ork. and athe:" -factors -'hich could in-fluenco 

the? permeability o-F the soil. The SEO must be able to identi-fy at 
least 20 inches a-f suitabl'S soils above any type of limiting cons 
be -fore he will issue a permit -for an elevated sand mound (19, 21) = 
In some cases, the a.pppl leant can obtain a. rough 
evaluation o-f the suitsibility o-f a particulssr soil type tor 
installation of an on-lot sewage dispotial system by examining 
the SCS Soil Survey and Soil Maps for the area in quest ion 
(12)= It should be noted, however, that the information 
obtained from those sources is general in nature and may not 
accLir atel y reflect the soil conditions or even the soil type 
actually encountered on the site= The controlling factor in 
ail cases will be the actual soil profile examined on the 
site, c a m b i n e d w i 1 1"! t h e r e s u 1 1 s of the pare o 1 a t i □ n test. :'1 a r. y 
weaknesses with the percolation test procedure have been 
i d e !'i t i f i e d a r! d a n e x t e r. s i v e r e search e f f o r t h as be e n c □ n d u c t e d i n 
an attempt to develop alternative test procedures which more 
accurately reflect the true hydra.u.lic conductivity of the soils. 
Revised test procedures, testing instruments, and even computer 
m o d e 1 i n g ( 3 0 ) iv. r e b e i n g p r o p a s e d a. s a 1 t e r n a t i v e s to the 
p e r c o i a. t i o n t e s t , b u. t n o n e o f t h e s e a r e b e i n g c: o n s i d e r e d b y 
t f ? e P e n 's y 1 v a n i a D e p a r t ni e n t o f E n v i r o n ni e n t -a 1 Peso u r c e s a s a 
r e p 1 -a c e m e n t f o r t h e p e r c: a 1 a t i o n t e s t = 

e !- c Q 1 a. t i o n T e s t i r i g = If a limiting cone is not identified, 
tl-<e SEO will direct the a.pplicant to prepare at least six 
test holes spaced uniformly within the proposed absorption area 
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^1- Th.; S£':’ wilj provia^. the. ^ ;jp i j. u. e;nt with 

instructions for tho preparation of the test tioleB \n acror canro 
with the regulations (19) » In general , the si;-; to een inch 
diainetar holes can be dug with a post-hole digger. Tiie depth 
ot the hole should fn-atch the depth o-f the abso-- pt i on as 

identified by the SEG in the soil profile. The taotton and 
sides of the holes must be scraped with a knife blade to 
eliminate any smearing of the soils which would interfere wi ti- 
the percolation test. After all loose material is removed from 
the hole, two inches of fine gravel is placed in the bottom of 
the hole. The holes then .must be p re-soaked in water for S to 
24 hours. This pre-soaking usually is done overnignt so that the 
percolation test can be conducted by the SEC on th.s f cl lowing 
m Q r" n i n g . P re- s o a k i n g i ii v o 1 v e s f i 1 1 i n g t In e hoi e s w i t i i a. t least 12 
inches of water and allowing it to staind undisturbed for the 
period specified above. 

The percolation test itself is a simple procedure 
involving the measurement of the rate of drop of the water 
placed in the test holes. This measurement is an indi-ec.t 
i'-idi cation of the hydraulic conductivity of the soils which, 

.‘■hen combined -with the -d. sual analysis of the soil profile, 
provides a reasonable indication of the capability o-- the soils 
to renovate the septic tank effluent. The percolation rate in 
units of minutes per inch is determined by taking the 
arithmetic mean of the percol.ation rates cJeter(?;ined for each 
of the test holes. 

The actual test procedure begins with final presoakiing of 
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thG Tr-|t builder shuulu enBU" e tbab there i\-. fdeu-r'-f; v .iter 

on hi.rc ut the site far the SEG tc conduct tiie tss'- Fine., 
ij.-eeoiik i ng involves filling the holes to a depth o-f at Icasi 
si;:' inches and read jus ting to inaintain the levisl of fill 
every 30 minutes for one hour <19, 21). The drop in thf3 watei- 
level over the last 30 minutes of the final soaking is 
recorded by the 3E0 by rrieasur i ng the drop u'sing a yardstic;-.: 
placed in the hole. If the water drops out of the hole before 
•i; h e 30 min u t e s h a v e e p i r e d , the S E D will c o ri d u c t 
percolation test readings at IQ minute intervals. If water 
rsmains in the hole after the 30 minutes have expired, the 
teat interval used is 3Q minutes long. <19, 21) 

The po 2 r col at i on test pr ocedur e foil owing the final 
:saak ing period begins with refilling of the holes with six or 
more inches of water over the two inches of gravel at the 
bottom of the hole. A reference point is established above 
each hole for use in measuring the distance to the water 
surface to be read on the yardstick at each test tine interval. 

A m i n i m u rn o f e i g h t r e a d 1 n g s are t a ! e n . R e a d i n g s m u. s t be 
continued until a stabilised rate of drop has been acheived (a 
stabilised rate is defined as a difference of l/-^- inch or 
Less between the highest and lowest I'-eadings of four 
consecutive readings) <19). The drop recorded in the final 
test interval is the one to be used for determining the 
a-ithmetic mean percolation rate. If no measurable race is 
obtained in a hole, a percolation rata of 24E nin/ii is 
assigned to that hole. If no measurable rate is obtained in 
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■-he abs:'Vi'CiGn ra-ie ~ rjonyider^b to bs 



u:-ioui taiD 1 G and the? pe?rmit will be denied. (Iv, 21i 

The ranee et acceptable per^col at i on rates for elevated 
sand mound instal I ati one is from 3 to 12(3 min/in„ The 
percolation rate determined in this test is one of the 
factors needed for design of the absorption -area and is 
discussed in further detail in Chapter 3. 



The regulatory sipproach used in the Corimonweal th of 
Pennsyl van i a for oontre?! of C'n--lot sewage disposa.l plaices 
str ong emphas is on the evaluation of soil conditions on the 
proposed sits. Enforcement responsi bi 1 i ty is deiegatad to 
SEO's employed by the local (uun i c i pal i t i as. The SEG must 
assume responsibility for ensuring that on-lot sewage 
disposal systems are well designed, properly constructed, and 
maintained in good operating condition. Builders Tiu.st be 
aware of the role played by the BEG and should become 
familiar with the site evaluation procedure discussed in this 
chapter „ 
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.Introdurtion 

The design standards for eievai:od sand ‘‘ound teds lS 
Pennsylvania have changed consi derab 1 •/ since the ea-'i^ 1.97iZ s = 
The latest standards were adopted in 1933 by arriend merit to the 
Pennsylvania Sewage "acilities Act of 1966 9^ 23)= The 

Technical Manual for Sewage Enforcement Gf-j^ics'-s :21) also 
was updated in 1933 to reflect the? revised standards., It is 
important to note, hiowever. that C;E:R encc3U.r aged tine use of 
the latest design innovations long be?fare the -actual 
legislative action was taken by permitting ccn?i.t ruct i cn of 
t h e m D Li n d s as e p t? r i m e n t a 1 s y s t e m s C 3 2 ) . 

The revised standards which are now in force (19, 20, 21; 
are based on the results of extensive res.earch conducted ov.er 
the past decade.- The recommendations made in the Petersen 
study (6) essentially were adopted in their entirety. T!ie 
new standards also have incorporated many of the GLlJilRB 
r BCOimmendat i ons (1) and U.S. E.pa standards (4)= Res>earch 
conducted at the University of Wisconsin's Gmail Scale Wa.ate 
Management Project also weighed heavily in the design 
standard revisions (23). 

This chapter vyil.l address the design and est.( mating 
process for elevated sand mound beds for residential use. 

The design procedure presented in thi?? chapter Is a si /npl ;i. f i ed 
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.. rOt;;es-i^ which i r. vol vs-c the '.ise of tables and worksheets to 
develop the final desigr. “'ables are set up to cover the 
ranges of acceptable sizes, flows, di fnensi ons , etc. which are 
typically found in residential systems. In all cases, 
d e 3 i g n r e c o m m e n d a t i o n s rri e e t o r e k c e e d D E R 3 1 a n d a r d =;■ . 

A conservat i ve bias has bean built into the tables to ansure 
that the final product performs as rec’uired for thie 
conditions specified. Figure 3.1 illustrates the basic 
com pan ant 5 of the elevated sand mound system used in 
F' e n n s y 1 v a n i a . 

Do si qn 

Each step of the design process described in this 
chapter first will be presented in gejneral terms, hollowed by 
the application of the procedure to an example project. The 
d e 5 i g n p r o o ess i s d i vi d e d i ri t o the -folio w i n g -s t e p s h 

S' ’t e p 1 -- G e n a r a. 1 D e s i g n C o n s i d e? r- a t i o n s 

3 1 a p 2 - A b s a r p t i o n A r e a '3 i z i r i g 

Step 3 -- Estimating F- i 1 1 Quantities 

Step 4 - Lateral Layout and Design 

S t a p 5 - D D s i n g T a i't k and Deli v s? r y P 1 p e D e s i g n 

The example project is assumed 'co be located in Central 

F'ennsy i vani a , The system is to be designed for a four bedroom 
single family residence. The proposed site for the sewage 
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PROFILE 



-EFFLUENT DELIVERY 

PIPE (FROM — DISTRIBUTION MANIFOLD \ 

DOSING TANK) '{^ f ^ 'y y 

Ai%^ \ -SOIL COVER- 

~^. nW K 



GRASS/GROUND COVSRn 
TNG PAPER/ 1 

AGCEECATE 
2 




ORIGINAL GROUND 



PLAN 



LIMITING ZONE 




Figure 3.1 The Sand Mound 
(Basic Components) 
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disposal S;''stsn' in : Lev si area at the rav' re rfi<? ^esiden:.ei 

The results o-f the soil profile examination eondvic ted bv the 
SEQ indicate that the sail is a sandy loam. Sedrook was not 
exposed until a depth of six feet had been reached, however, 
the SEO found evidence of sen. 1 mottling at a depth of 24 
inches. The SEO interpreted this mottling as evidence of a 
seasonally high water table, and therefore, designated 24 inches 
as tile depth to the limiting cone. Since the limiting cone was 
i d e n 't i f i e d a t -a d e p t fi 1 e s s t h at 60 i n c !-i e s f r o rn the or i g i n a 1 
ground surf-ace, an elevated sa.nd mound is required on this 
site. Percolation test holes were prepared to a depth of 20 
inches within the proposed absorption area sits and the 
average percolation rate was found to be 70 min/in= 

Step :L ;; General Design Considerations. 

The use of water savir:g fixtures in liomes with any type 
Q f Q n -- :i o 't S e w a q e id i s p a s a 1 s y s t e rn i s h i g h 1 y r e c o m m e n d e d a n d 
should be considered by the builder when designing the home. In 
addition, the builder should ensure that only household wastes 
are piped to the system. Overloading of the treatmer-it Lank 
can result in carry-over of solids from the treatment tank 
Into the absorption area. 

T I"! s s- i t e e v a 1 i..i a t i on p r o c e s s d e s c; r i ij e d i n C h a p t e r .2 .v i 1 1 
determine the type of system to be installed. Far example, 
if an -absorption area is selected at a location up --si ope from 
t hi e 't i- e a t m e n t t a n k; / d o s i n g t a n k: 1 a c a.'t i cd n , a m e c hi a n i c a 1 p u. i n ping 
system will be required to -orce the effluent through the 
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di Gt r 3 i. an syylw?iTi. l-f an absorptian art-a is seisctan at -3 
Iccatian dawn-sl cpe from tno treatment tank/dooinq tank, tiie 
builder may install either a mechanical pumping system or a 
siphon system for effluent distribution. Siphon system 
design depends upon the capabilities of the siphon as 
s p e c i f i e d b y t h e in a n u. f a c t li r b r , a n d t h f.= r a f o r- e is n o t a d d r a s s e d 
i n d e t a. i 1 i n t h is rep o r t . T e d e s i g n a f t h e d si liver y p i p i n q 
s y 3 1 e m , f o r e a m j i a , i s d e p e n d a n t u p o n t h s p a r- 1 i c la 1 a r m o d a 1 
of siphon selected. It shou.ld be noted, however, that all of 
the design racoinmendat i ons presented in this chapter, with 
the e;-;ception of pumping system and delivery piping design, 
are applicable to elevated sand moiunds with siphon systems. 

T h e site s e 1 ac t ion also i ri f 1 u e n c e s t h e c o s t o f t h e 
system. For example, -a site which is up-slope and distant 
from the dosing tank requires extensive piping and fibtings 
a. in d a 1 a i" cj e r c <?. p a. c i t y p u i n p t o r e a c h the d i s t r- i b u t i a n 
rrianifold. The costs of additional excavation, piping 
and a larger pump can increase the total cost of the system 
si gni f i cantl y . 

Another design consi derat i on which s exti^emely 
important when o'onstruct i ng mounds for residential use is 
the aesthetic appearance of the mound. Appearance is a 
major factor which influences decisions made by home buyers. 

A 30' X 60' "pile of dirt" in the middle of the front >'ard, 
for instance, may have a negative impact on -a potential buyer's 
decision about a particular home. The best way to avoid this 
problem is to install a long, narrow mound on a mildly sloping 
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ar-3a 'SO cast it can be bierc'sd i ihs i?j-;;Lsti ig landscape as 

much as possibls* The long, na-row mDunci also mill enable the 
b u. i 1 d e !'- t G r e d u c e t h e q u -a n titles o -f fill m a t e r i a 1 s r e q u i i-- e d a n c 
mill permit CDnstruct i on equipment to reach the entire fill area 
frofn the up-slope side so that equ.ipinent does not compact the 
criticai.l effluent disposal area on the down-slops side., 

In 'che case of the example project, it is assumed that 
t h e b u i ]. d s r h a s in s t a lied w a t e r s a v i n g f i x t u r e s t h r o u q h o u t t h e 
h D u s e i n a r d e r t c p r e v e n t o v e r i o a d i n q of t h e s y s t. e m , A d d i t i o n a 1 
sumptions are: <1) the foundation drains and all downspouts are 
piped sen a r a. t e ], y a. n d d o not c o n t r i b u. t e f 1 o w t cd t hi e t r e a t m e n t 
system, (2) the site selected for the absorption area is in a 
nearby vjooded area, at the rear of the house and (3.> a slight 
uphill grade exists from the proposed location of the dosing 
tank to the proposer-d location for the absorption au"ea. , therefore, 
a pumping system will be needed for this site. 

S t e p 2 A b s Q r pi t i Q n A !■" e a S i .c i n g , 

The tables and figures presented in this chapter will 
allow the builder to determine the size O'- the absorption 
area required for 3, 4 or 5 bedroom single family detached 
residences. The square-footage requirements are simply a 
function of the percolation rate (determined by the SED.> 
a n d t h e p- e a k d a i i y s e w a g e -f 1 o w f r o m t h e r e s i d s nee. Soil 
absorption area sizing has been the subject of research at 
the Pennsylvania State University (26); the results of which 
generally have been included in the DER standards (20), 
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DE;^- staridsrjs -23! '■■cquire " Jit design i' I's 

ubeorpticn araa daaea :n a frii ni muiiTi -flow of 433 gpd tor a_ i 

single faniily dwellings having three bedrooms or lsss= The 
mini mum -flow is increased by 103 gpd -for ea.ch bedroom over 
three . 

It should be noted that the "aggregate absorption area" 
re-f erred to in this chapter and shown in Figure 3=1 is the 
horizontal (level) sur-5a.ee area o-f thie aggregate fgravel) 
surrounding the di st.r i but i on laterals. It is not the base 
area or the mound. The base area o-f the mound is considerably 
larger and will vary with the amount of sand -fill required 
and the slope o-f the original ground. 

The amount Q-f aggregate needed is based on a minimum 
requirement o-f 6 inches of gravel below, and 2 inches of 
gravel above, the distribution laterals. The volumse of gravel 
required is equal to AGGREGATE ABSORPTION AREA X AGGREGA“E 
DEPTH. The aggregate volume has been calculated and entered 
in the design tables presented in t.his chapter for use by the 
bu i 1 d er i n p r ep ar i n g es t i mat es . 

Design tables have been developed by the writer in order 
to enable the builder to rapidly design and prepare an 
ssti.mate for an elevated sand mound system-. The data 
displayed in the tables have been adapted from a series of 
tables and standards in the Technical Mapual fD^- Sewage 
Enforcement Gfficei-s (21). The notes .Listed belov-i apply 
Lc the design tables. 
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Notes 3 



^1) Aggreyatt' ■ cl L^^ne:■^. are based on 10 inch Jspth :>ve-' 
the enti'-e aheorption area (6 inches below laterals, 2 
inches -for 1 at er al s/iTiani -f ol d and a -final 2 inch cover layer). 
The quantities shown include an allowance -for waste and 
set 1 1 i n g h i c li m a y o c c u r d ui r i n g const r u c t i o n . 

<2) Di men -si on 3 shown are "optimum” -for the r equ;i red 
area. In general , the narrowest pos-sibie mound with a total 
lateral length of 75 feet or less has been selected. Manifold 
lengths of 6, 12 and IS feet au"e based on a minimum allowable 

lateral spacing of 6 feet (19, 21). The recommended dimensions 
shown in the tables also include =illowances for the required 
2-5 ft. isolation distance from the lateral piping to the edge 
of the mound (19, 21). 

(3) Tables 3.1, 3.2, and 3.3 have? been developed 
for residential construction app li oat ions only. JHEY CANNOT 
BE USED FOP DESIGN OF ELEVATED SAND MDUMPS FQR CGMMERCI AL , 
INDUSTRIAL. OR MULT I -FAMILY RESIDENTIAL NASTEi^ATER DISPOSAL. 

'4) Alternative bed dimensions may be substituted as 
r e q u. i i- e d to fit the site. A q g r e g a t e v o 1 u !n e s a n c t o t a i 1 a t e r a 1 
lengths remain the saime. Alternative lateral conf i qur at i ons 
may be se-'lected from Figure 3.2 if the recommended long, narrcw 
t:: Q n f i g u r a t i a ns c a n r's o t b a ad a pj t e d t o t he site. L a t e r a 1 n o t a t i c n 
(ie= A, B, C, D. . . ) is the same as that used in. the Tachni cal 
Man'-i.al for Sewage Enforcemant Dfficers, 
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Table 3„ 1 Design Data -for EEli Beds 
(3 Bedroam SFD Residence) 



Avg . 
Perc . 
Rat B 
( m i n / i n ) 


Aggr . 
Ab-sorp . 
Area 
<sf ) 


Aggr. 
Vol . 
<cy ) 


Aggr. 
Absorp , 
A-ea 
Fftxf t) 


Nan i -f . 
Length. 
( f t ) 


Total 

Lateral 

Length 

(ft; 


Lateral- 
Conf i q .. 
(#/type) 


Lateral 
Di -sch = 
(gpm) 


1 >„v _l C.-U 














3- 5 


-ft- 


600 


20 


10;-! 60 


6 


103 


4/D 


1-5 


6-15 


-X- 


600 


20 


10k60 


6 


103 


4/D 


1 5 


16-30 




600 


20 


10k60 


6 


103 


4/D 


15 


31-45 


* 


756 


25 


12;-; 63 


6 


103 


4/D 


15 


4 6 --60 




8SQ 


29 


12k 74 


6 


132 


4/E 


13 


61-75 




1 003 


33 


14k75 


6 


132 


4/E 


IS 


76-90 




1123 


36 


1 6;< 7 1 


12 


193 


6/E 


27 


91-105 




1230 


40 


17x73 


12@ 


198 


6/E 


27 


106-120 




1332 


43 


13x74 


12(§ 


234 


6/E 


27 


Greater 


tl-: 


lan 120 




Unsi 


ui table 









Notes: 

* 1/3 reduction in the absorpticn area size is pe>"mitted i -f 
an aerobic tank is used <19). 

0 Nani -fold diameter = 2 inches. All others are i 1/2 inch 
diameter <19) . 

■■■■■ See Figure 3.2 tor lateral con-figuration details D and c. 

(Table developed by writer -from standards publishfsd in the 
T c h n i c a 1 M a. n ' j a 1 -for S e w a g e E n -f o r c e ft e n t □ i- i c e r s . ) 
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Table Design Driir ar 



<A Bsdraoin 5P'; Besidenctj) 



Avg . 
Perc . 
Rate 
( mi n/ i n ) 


Aggr , 
Absorp . 
Area 
(sf ) 


Aggr . 
VqI , 
(cy- 


Aggr . 
Absorp . 
Area 
(f txf t) 


Man i f . 
Length 
(ft) 


■‘"Qtal 

Lateral 

Length 

(ft) 


Lateral- 
Conf i g „ 
(#/type) 


Lateral 
Di sch . 
(gpm) 














3- 5 


s- 750 


25 


10;-: 75 


6 


132 


4/E 


IS- 


6-15 


* 750 


25 


10;; 75 


6 


132 


4/E 


IS 


16-30 


750 


25 


1 0x 75 


6 


132 


4/'E 


1-3 


31-45 


945 


31 


13k 75 


6 


132 


4/E 


IS 


46--60 


1 1 1 0 


36 


16k70 


12 


193 


6/E 


27 


61-75 


1260 


40 


17x75 


12(i:! 


19S 


6/E 


27 


76-90 


1413 


45 


20:; 71 


120 


193 


6/E 


27 


91-105 


1538 


49 


22k 70 


1S@ 


264 


S/E 


36 


106-120 


1665 


53 


22x76 


18® 


26 4 


8/E 


36 



Sreater than 120 Unsuitable 

Notes; 

■*• 1/3 reduction in the absorption area size is permitted i -? 

a n a e r o b i c t a n !■■■: i s u. s e d ( 1 9 ) u 
@ Manifold diameter = 2 inches. All others a.ra 1 1/2 inch 
diameter (19). 

■■■■■ See Fig l.i r- e 3 .2 to r 1 a t e r a; 1 c o n fig u r a t i o n d rv t a. i 1 E . 



( T a b 1 e d e v e 1 o pad b y w r iter f r o m s t a n d a r d s p u b 1 i shed i n t h e 
Technical Manual for Se.^are Er-^orcement Hf 4^ j ceK-c,, > 
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Table 3.. 3 3er;iign ‘‘’ata ■■ ar eSM Bede 
(5 Bedrocfn SFD Residence' 



Avg . 


Aggr. 




Aggr. 




Total 






Perc 


Absorp . 


Aqgr. 


Absorp . 


Nan i 4 . 


Lateral 


Lateral 


Lateral 


Rate 


Area 


Vol . 


Area 


Length 


Length. 


Conf ig. 


Di sch = 


Cmi n/i n ) 


(3f ) 


^cy) 


(f txf t ) 


<ft) 


( f t ) 


(#/type) 


<gp(T5) 














,1 1 •_ 










3- 5-:<- 


900 


29 


1 2x 75 


6 


132 


4/E 


18 


6-15* 


900 


29 


12x75 


6 


132 


4/E 


IS 


16-30* 


900 


29 


1 2x 75 


6 


132 


4/E 


13 


31-45* 


1134 


36 


1 6x 7 1 


12 


198 


6/E 


27 


46-60 


1332 


43 


13x74 


12(S 


193 


6/E 


27 


61-75 


1512 


43 


20x76 


120 


193 


6/E 


27 


76-90 


1692 


54 


23x74 


130 


264 


3/E 


36 


91-105 


1845 


59 


25x74 


1S@ 


264 


3/E 


36 


106-120 


1998 


63 


27x 74 


13@ 


264 


3/E 


36 


O pp. fcp. j_ u. *1 '-v rs 


















• rr-U. J. LcAU J. ' 








Notes; 
















* 1/3 


reduction in 


the absorption 


aireai siize is permitted i- 


an 


aerobic 


tank 


i s used 


< 19) . 








*2 Nan i f o 1 d d i arne t er = 2 inches. i 


All other 


s ar e 1 


1/2 nch 



diaineter <19). 

Se?e Figure 3.2 for lateral configuration detail E = 



< T a b 1 e d e v e 1 o p e d b y w r i t e r f r o <n stand a r d s p u b 1 i s h e d i n t h e 
Technical Manual for Sewage E.~i for cement Officers.) 
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ZEa 



TYPE A 



X] 



LAST HOLE, IN SWEEP OF ELBOW ^ 



zcan 







HDcn; 



TVPE/E 



3/lfc"DIA. HOLES 



ZQ> SECTIONS 

±^2." PVC 



G' O.c. FACING 




DOWNWARD 




gure 3.2 Possible Lateral Configurations 
for Sand Mounds 

4“} Source: Pennsylvania Department of 
Environmental Resources, Technical 
Manual for Sewage Enforcement Officers , 



I 



In the case of the eMample projeci , design i nf orr.iat i on 
is derived from Table Z-.2 for a four bedroao home,: Entering 
the table in the first column on the left with the average 
percolation rate of 70 min/in, the builder would find that an 
absorption area, of 1260 square feet will be required for this 
eite= By continuing to read along the same line^ the builder 
would find that 40 cubic yards of aggregate will be needed 
to construct an aggregate absorption area with recommended 
dimensions of 17 ft k 75 ftu A two inch di-ameter-., 12 foot 
long distribution m-anifold will be required along with 198 
feet of lateral distribution piping. The 1-ateral 
conf i gurat i on will consist of si;-; type "E" laterals as 
described in Figure 3.2., each with an effluent discharge rate 
of 27 apm. Figure 3.3 is a design worksheet developed by the 
writer for use by the builder in recording this i nf ormati on . 
Figure 3. -4 will be used for recording this information and 
for dtrv'el oping the design for the s-Kampls project. 

Stop 3] Fill hatarial Estimates. 

The quantity of sand -“ill rsqu.ir'ed depends upon the 
uepti! to the limiting zone, the slope of the site and the 
dimensions of the aggregate absorption area. The controlling 
factors are: 

Cl) The distance from the bottom of the aggreg-.ate 

a b 5 iD r p t i o n a r e a t o t he limiting z a n e m u. s t b e a t 
least 48 inches at all points (19, 21). 
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Number of Bedrooms . 

Percolation Rate mln/ln. 

Absorption Area Required sf. 

Absorption Area Dimensions ft X ft. 

Manifold Length ______ ft. Diameter In, 

Lateral Configuration , Lateral Length (ij in PVC) 

Ground Slope (Must be 8^ or less) _____ 

Depth to Limiting Zone ft, (Must be greater than 20**) 

Minimum Depth of Sand Fill Required (48* - LZ Depth) In, 

, Lateral Discharge Rate gpm, 

, Delivery Pipe Diameter in. Length ft, 

, Delivery Pipe Flttlngs/Equl valent Lengths 



E,L, Quantity 



Fitting 

A, 90 EL X 

B, 45 EL X 

C, COUPLING X 

D, QUICK DIS. X 

S, STD TEE X 

TOTAL FITTING LENGTH - A ! 
TOTAL delivery: PIPE LENGTH 
Delivery Pipe Friction Loss - 



Total Length (ft) 



ft. 



Dosing Volume (gal,) 

A, LATERALS 

B, MANIFOLD __ 

Co delivsry: pips 



( li - 



C D + E - 

Fitting Length Pipe Length = f 

ft/100 ft, X ( ft)/(l00) 

- ft, 

37gal/ft) 



« ,09 gal /ft, 2' 

gal /ft, X 

gal /ft, X 

gal/ft, X 

> B ■»= C - 



■ ,16 gal /ft, 3" 

ft, - 
ft, - 

ft, - ■ 



gal, 
’ gal, 
, gal, 
’ gal, 
gal. 



, gal. 



TOTAL PIPE VOLUME - A 

REQUIRED DOSE - TOTAL PIPE VOLUME X 5 - 

MINIMUM REQUIRED DOSING TANK VOLUME - DOSE X 2 
Elevation Change j 

A, Elevation Change (Bottom of Dosing Tank to Highest Point 

at Proposed Hound Site) 

B, Required Depth of Sand ( 9 . above) 

C, Aggregate Beneath Manifold 0 , 5 

SUBTOTAL (A B C) 

D, Elevation of Pump Above Tank Bottom 

TOTAL ELEVATION CHANGE (C - D) 

Total Head (For Pump Selection) « ELEVATION CHANGE > FRICTION LOSS + 3 f t 

- > 3 - ft, 

( 15 .) ( 13 .) 



_0j_l 



ft, 

ft, 

ft, 

ft, 

ft, 

ft. 



# FRICTION LOSS (ft/lOOft) 



}PM 


li 


2 


3 


4 


15 


1,41 


.51 


,07 


— 


17 


1,86 


.63 


.09 


— 


19 


2.28 


.78 


.11 


— 


20 


2 . 44 


.86 


.12 


.03 


25 


3 , 4 ? 


1.28 


.18 


.04 


30 


5.17 


1.80 


.25 


.06 


35 


6.91 


2,40 


.33 


.08 


40 


8.83 


3.10 


.43 


.10 


45 


10.90 


3.85 


. 5 ^ 


.13 



♦ EQUIVALENT LENGTHS (ft) 



FITTING lA 


2 


3 


4 


90 EL ^-73 


5T55 


8.23 


10.8 


45 UL 2.01 


2.58 


3.84 


5.03 


STD TEE 8, 62 
coupling/ 


11.1 


16.5 


21.6 


QUICK DIS 1.05 


1.35 


2,01 


2,64 



Fig ure 3.3 Design Worksheet 



Si 



Number of Bedrooms 4- » 

Percolation Rate 7Q mln/in. 

Absorption Area Required ±1(>0 sf. 

Absorption Area Dimensions ±7 ft X 7S ft. 

Manifold Length ±Z ft. Diameter Z in. 

Lateral Configuration 6 /e , Lateral Length (ij- in PVC) d.^8 f 
Ground Slope (Must be 8^ or less) \_eVel Jg, 

Depth to Limiting Zone 2. ft, (Must be greater than 20**) 
Minimum Depth of Sand Fill Required (48“ - LZ Depth) 24- in. 
Lateral Discharge Rate Z7 gpm. 

Delivery Pipe Diameter 3 in. Length 75 ft. 

Delivery Pipe Fittings/Equivalent Lengths 

Fitting E,L, Quantity Total Length (ft) 



A, 90 EL 

B, 45 EL 

C, COUPLING 

D, QUICK DIS, 

E, STD TEE 



3J3 X 
X 

2 0d . X 
2.0L X 
rLfc.5 X 



3. 84 



15. 



16, 



TOTAL FITTING LENGTH - A-fB+C+D+R - 4-4.85' ft, 

TOTAL DELIVERS PIPE LENGTH - Fitting Length Pipe Length ° du21.t5 ft 
Delivery Pipe Friction Loss - 13.1.S5 ft/l00 ft, X ( o . 21 ft)/(l00) 

- a.zio ft. 

Dosing Volume (gal,) (lA- - ,09 gal/ft, 2" - ,l6 gal/ft, 3" =■ ,37gal/ft) 

A, LATERALS .03 gal/ft, I ft, - ^7.SZ gal, 

B, MANIFOLD . ±(o gal /ft, X ^2. ft, - d.,^2. gal, 

Co DELI7SRIL PIPE /37 gal/ft, X TT ft, - ^7.7^ gal, 

TOTAL PIPE VOLUME - A > B C - 4-T.4^ gal, 

REQUIRED DOSE - TOTAL PIPE VOLUME X 5 » 237. 5 gal. 



4-TT gal. 



MINIMUM REQUIRED DOSING TANK VOLUME - DOSE X 2 - _ 

Elevation Change j 

A, Elevation Change (Bottom of Dosing Tank to Highest Point 

at Proposed Hound Site) 

B, Required Depth of Sand (9. above) + 

C, Aggregate Beneath Manifold 

SUBTOTAL (a -► B * C) 

D, Elevation of Pump Above Tank Bottom 

TOTAL ELEVATION CHANGE (C - D) ±C.Q ft. 

Total Head (For Pumo Selection) =■ ELEVATION CHANGE + FRICTION LOSS 3 f t 

- dLO * 0.2.4 + 3- d3.24 ft, 

"inn" "TTirr 



8 

z 

_0ii- 



ft, 
ft, 
ft, 

10. S' ft, 
0,5 ft. 





# FRICTION 


LOSS 


0 

0 


♦ EQUIVALENT 


LENGT 


HS (ft) 


GFM 


li 


2 


3 


4 


FITTING lA 


2 


3 


4 


15 


1,M 


.51 


,07 


— 


90 EL ^-73 


5.55 


8.23 


10.8 


17 


1,86 


.63 


.09 


— 


45 EL 2,01 


2.58 


3.84 


5.03 


19 


2.28 


.78 


.11 


— 


STD TEE 8.62 


11.1 


16.5 


21.6 


20 


2. ^ 


.86 


.12 


.03 


CCUPLINQ/ 








25 




1.28 


.18 


.04 


QUICK DIS 1,05 


1.35 


2.01 


2,64 


30 


5.17 


1.30 


.25 


.06 




35 


6.91 


2.^0 


.33 


.08 










^0 


8.83 


3.10 


.43 


.10 










-5 


10.90 


3.85 


.5^ 


.13 











Figure 3.4 Design Worksheet 
52 (Example) 



';2) There must be -^t 2© incnae a-f sui t-Ab ■. e soi ' 

above the limiting rone (19, 21)=. 

(3) There most be at least .1,2 ins has o-f sand -fill 
above the Qriqin.al ground surface. The up per 
su.rf ace of the s-and fill rriust be 1 exhaled to +/- 

2 inches per .108 feet prior to the placement of the 
aggregate and the distribution laterals (19, 21). 

(4) Side slopes must not be steeper than 2; 1 <19, 21). 

The required quantity of top soil cover depends upon 

the size of the aggregate absorption area, the ground slope, 
and the depth of sand and sxggregate fill placed in the mound. 
The controlling factors for estimating the soil cover are; 

(1) There must be at least one foot of soil p] acad 
above the aggregate absorption area (19= 21). 

(2) There miust be at least three feet of soil 
(horizontal) fr.om the outside edge of the aggregate 
a t' s o r p t i on area t o t h e e : ; t e r i o r s i d e s 1 o p e of t h e 
mound (19, 21), 

(3) The £-?;■! teri or side slopes of the mound s.hould not be 
steeper th-an 2; 1 and should match the slope of the 
sand fill. 

T h e b u i 1 d e r s ii o u. 1 d p r e p a r e a s k e t c |-! s i m liar to F' i g u r- e 



3.5 i n o r d e i" t o e s t i rn a t e 't f! e q u. a n t i t i e s o f fill m a t e i- i a 1 s 
r e q u i red f o r i n s t a 1 3. a t. i o n o f the mo u n d . Fig u r e 3 . 5 w a s 
d e v e 1 o p e d s p s c i f i c a i 1 y f o i- t h e d e sign e x a f n p 1 e , b u. t a s i m i L a r 




A. PROFILE VIEW 

FILL QUAMTITIES: (includes ALLOWANiCE FoRs V/ASTE) 

SAND- (X- SECT, area) X (lekj&th) = Q2 xl7) + '/2^X 

= 4002 C.F. ^ ±50 C.V. 

SOIL - (x-sect. area) X (length) = ^ 

= 35^0 C.F. ^ X33_C^ 





B. PLAM VIEW 



Figure 3,5 Design Example 

T4 



I 



;1 r 
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■ be clevelop^sc f':.:' any other set ji design 
parameters using the information provided up to this point in 
the chapter-.. For e;-; -amp 1 s the plan view shovM.n in Figure -3=5 
was developed by first laying out the known dimensions for the 
aggregate absorption area= Th.e depth of the aggregate is one 
foot, as defined for the design tables, and the depth of 
the sand fill is two feet, yielding a total depth of fill of 
3 feet= The satnd fill depth was determined by subtracting the 
depth to the limiting cone (24 inches i.n this case.) from the 
required 4B inch distanc-s betwe.en the bottom of the aggregate 
absorption areai and the limiting cone. The "footprint" of the 
sand fill in plan viev-j was then calculated ba.sed on the fact 
that the side slopes will be? 2:1 from the top of the aggi-egate 
t.o the intersection with the ground surfa.ce. Since the depth 
of fill iwas three feet, the additional "footprint-" in all 
directions is six feet. The three foot additional ‘•'footprint" 
shown for the soil cover i -s ba-sed on the minimum r equi r ement 
for three feet of fill between the outside edge of the agqr .sg-atie 
absorption area and the exterior side slope of the mound. The 
three feet of soil cover is assumed to be constant along the 
side slope since the soil cover also will be sloped at 2:1. 

IfJ i t |-i t h B t hi I- a e ' ' f o o t p r i n t s " e s t s . b 1 i s h e d , t hi e mo u n d w a s 
dime.nsioned in plan view as shown. 

The profile -view in Figure 3.5 was developed by 
s k e t c !'! i n q i n k ri o w r . .i. ri f o r m a t i o n in order t a ^ 1 c: u. 1 a t e a 1 1 
unknown dimensions.. If the ske'tch is prepa.red 'to sca..le, 
dimensions can be taken directly from the figure without 
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per-; c r i ■'ig -ddi ti on::u r ■: -;i ^ i. : ons , The Jc*pTnj^ *cr or 

the fill materials are all !:;no!/;in -factare, ae .s th^' widti'! u-f 
the aggregate absorption area.. Side slopes are assumed to be 2s 
Given this information, dimensions for the sand and soil 
"footprints" can be oaloulated (note that the same dimensions 
can be taken from the plan viev-; sketch). The only remaining 
unknown is the length of the exterior side slope, v.^hich can be 
measured directly from th(a scaled drawing or calculated using 
s i m pie geo m e -t r • y . 



S 3 i-' d F i ; 1 M a t e r i a " S t ?. n r i a ■- d . The builder will be 
r-equired to obtain written cert i f i cat i on from the sand 
supplier that the sand meets the gradation and quality 
speci-^i cat ions listed below (20)= The written certification 
must be provided to the SEO and the builder with the first 
d e 1 i V e r • y t o t hi e j o b s i t e = The s a n d f i 1 1 m a t e i'- i a 1 s h o u 1 d n o t 
be compacted in -any way. 

Sieve Sice Maximum xi Passing Sieve 

3/S" 100 

Mo= 4 90-100 

No. 30 20- 60 

No = 200 0- 1 5 

The clean sand described above can be obtaj. ned in 
r tua 11 y a.l 1 a. re as of the state. PENNOGT "oi--ir! 40S lists 
two s a n d s w h i c. hi m e e? t t f"! e specif i c a t ;= o n s 1 i s t e d a b o e ( 3 5 ) ;; 
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CC Gi'nd Typs A 'concrete sand) 

BC Sand Type £: Number 1 < paving sand) 

Soil Cover Material. Standards:. The soil cover material 
must be good soil, free of fragments larger than 4" ire 
diameter and free of rubble and vegetiitive matter- The natural 
topsoil usually can be used for this purpose (21). 

If the natural topsoil is poor, it is recommended that 
good quality topsoil be imported for use as the final si;-! 
inches of cover material. The good quality top soil will aid 
in e 5 1 a b 1 i s h i n g v e g e t a t i v e c o v e r on t lie m o u n d u p o n c o ni p 1 e t ion 
of construct i on . The soil cover material must not be coinpa.cted 
in any way. 

Aggregate Hateri ad Standards. Laterals must be 
surrounded by crushed stone or gravel which meets the 
s p e c: i f i c a t i c ? n o f P E M N DOT 3 A a r 2 B S t cj n e (21). The b u i 1 d e r" 
should specify this type of material when ordering from tne 
supplier. Written cer t i f i cat i on of quality and 
specification compliance is not required by the DEP 
r e g u 1 a t i o n s . T ti e build e r i s e n c o u r a g e d ,, h o w e v' e r , 'to o b t a. i ri 
cert i f i c-at i on for his own protection in the ev(ant the 
material is found to be unsuitable by the SEO. 

Agcrggate Bed Cover. The aggregate surface must be 
covered by a 2 inch (-.hick layt£'r of hay or ai single layer 
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□ t Lin-L:"eatad building paper or filter fabric maccr; al prior to 
placement of the soil fill= The purpose of this materl ai is to 
p r e V e n t 1 s s oil f r o rn s e 1 1 ling i n t a t h s a q g r e g a c e T h e bull d e r 
should include this material in the estimate^ 



Step 4; Lateral Layout. 

The steps in the procedure for the layout of the laterals 
and the distribution manifold within the aggregate absorption 
area ar e d esc r i b ed b e 1 ow 

(1) Determine the dimensions of the aggregate absorption 
area, the manifold length, the total lateral length, 
rand the lateral conf i qurat i on from Table 3=1, 3., 2 or 
3.. 3. 



i2) Prepare a sketch of the aggregate absorption similar 
to Figure .3.6 (which was developed sped f i cal 1 y 
for the design example) = 

(3) Layout the distribution manifold and laterals on the 
3 k etc h . T I'i m a ri i f o 1 d s h o u 1 d be p e r p e n d i c u 1 a r t o t h e 
long dimension and centered along the short 
dimension. The delivery pipe connection (frofr the 
dosing tarik) should be at the center of the manifold. 

(4) Che^ck to censure that i sol -at ion distances of not i ess 
than 2 feet and not more than 5 feet are provided. 
Isolation distance is measured from the lateriil 
piping to the borders of the aggr£?qa.te absorption 
area. 
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PLAN VIEW 




Mini' -MAX 5' OSOLKTION DlSTANCl^ 

i 



-z.s- 



(o tvpe'e" 

iVa" PVC 
laterals® 

4 ,' ox. ^ 



DEUVERy 
PIPE (3*J) 
-Ff^orA 
D0S1M6 
TAtKK 



o 

r 

5 

o 

Z 



A&6RE6X-re ASSoRmoU AREX 
PERXMETER 



Figure 3.6 Lateral Layout( Typical ) 
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The laterals; hc.'-'e holee s:s;F?d and as shc^ r 

in Figure 3,2. Holes are 3/16" diameter, spaced at 6 ft 
intervals facing downward. The first hole is drilled at a 
distst.nce of three feet from the distribution manifold, Tne 
last hole is drilled in the 90 degree elbov'j at the E;nd of 
the lateral. The elbow connects to a vertical riser for a 
clEfariDu.t at the? and of each lateral. The cleanout i nstal 1 at i on 
is designed to permit backf 1 u.shi ng of the syste-Ti. All 
laterals used for pressure distribution in elevated sand 
mounds must be 1 1/2 inch diameter Schedule 40 PVC <19, 21). 
Schedule? 40 PVC also is required for the distribution 
manifc3ld, but the diameter can be either 1 1/2 inches or 2 
inches depending upon the sise of the system (19, 21'!= (r-Jote 
that this r equi re?(nent has bee?n taken into account in the design 
tables, ) 

The lateral layout for the design enample is shown in 
Figure 3,6, In this case, a 2 inch diameter, 12 foot long 
distribution manifold was laid out perpendi cul ar to the long 
dimension of the mound. Si;-: type "E” laterals then we-'-e laid 
out perpendi cul ar to the distribution mani-^old. Each lateral 
has a length of 33 feet as determined from Figure 3,2, Note 
in this case that the dimensions of the aggregate ahsorption 
area have been laid out and that isolation distances of 4,S 
feet on the lateral ends and 2=3 feet on the lateral sides 
have been provided for. These distances are well with:in the 
allowable 2--5 foot ranges (19, 21), 
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'! Ooe-!-g Tanf-: and Dglivgry Pipe Design = 

The dosing tank location must be selected c^'O, ull' to 
oi'sure proper operation of the systemn The dosing tank must 
be located so that gravity -f 1 oi-i can be maintained -from the 
ti'-satment tank to the dosing tankn In addition, the pump 
always must be at an elevation loiter than the distribution 
manifold in the mound so that at least a minimal slope is 
maintained to permit e-f-fluent to drain back into the dosxng 
ta.nk after each cycle. Draining of the delivery pipe after 
esach dose will help to prevent clogging and also will prevent 
f !'■■ e e a i n g o f t h e p i p i n q d u r i n g cold w e a t h e r = 

Figure 3.7 shows thus typical arr angement of the 
components in an elevated sand mound system. The actual 
conf i gurat i on will be unique for each site. The builder may 
want to prepare a sketch similar to Figure 3.7 for use in 
preparing an estimate. 

Elevation and head loss calculations needed fo:“ 
selecting the appropriate pump for the systemi are performed 
using the worksheet provided as Figure 3.3. Calculations for tr e 
design e;-:an'ple are shown in Figure 3.4. The worksheet is usee 
to determine the total head requirement of the pump. Friction 
1 Q s s e s a e d e t e r m i n e d by c o n '/ e r tin g fit t i n g s t o e q u :i v a 1 e n t 
1 e n g t ri s o f p i p e u s i n g t h. e t a b 1 e n c 1 u d e d 1 rj Fig u re 3 . 3 a n d a d d i q 
t h Q s e 1 e n q t h s t o t h s a c t u. a 1 pipe 1 e n g 't h . T hi e tot a 1 eg u i v a 1 e n t 
length then is multiplied by a friction factor to obtain the 
total friction loss. All pipe is assumed to be PVC (Friction 
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Figures.? Typical Arrangement 

of a Mound System 
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Factar C-~150 j. Friction loss in iFo !?ian i to 3. d ^ind later;: 2 .. rot 
included in the calculations (2S, 21), 

T li e r e q u i r e d c a p a c i t y o t t h s d o s i n q t a n ' i s d e t e r rn i n e d 
by calculating the total volume o-f liquid held in the delivery- 
piping, manifold and all laterau. s. The dose volume is equail 
to five times the internal liquid capacity of the piping or 
100 gallons, -Aihichever is greater. The dosing tank storage 
capacity must be at least tvvjice the dose volume <20, 21). 

Delivery Pipe Sizs Determi nat i on . The sice of the 
delivery pipe frorr! the pump outlet to the distribution manifold 
will vary with each installation, but the following are same 
"rules of thumb" which should be followed. It is generally 
recommended that a two inch diarrieter or larger delivery pipe 
be considered in order to fninirnice friction loss. Excessive 
friction loss may' result in a requi rement for a larger, more 
ex pen-si ve pump to overcame the head. In any event, every 
effort should be made to minimise the length of the delivery 
pipe and to minimize the number of fittings used. Chcack 
valves should not be installed in the delivery piping (21). 

Fump Selection., Two design parameters are needed from 
F i g L! ■!'■• e 3.3s < 1 ) t h e f 1 o w r a t e i n gallons p e r m i n 1 . 1 . t e a n d (2 ) 

the total head in feet. The builder must use this information 
along with pjump curves from the manuf actur er in order to select 
a suitable pump for the system,. Figure 3.S display-'S six examples 
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Figure 3.8 
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Pump Capacity Curves 

f P Y I source: ?ep..nsylvania Departme.nt of 

Environmental Resources, Tecnnlcal 
44- Ma.nual for Sewage Enforcement Officers , 

19 - 33 . 
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f :.. ' th..' i.c:.'' i:u -.-z \.i ; ■■ 

5ubmitt.;d to liiG SEID <20, 21), 

Pumps must be -fully subrnsrai b 1 s , G'-irder uu.iv.d-s aiu -cc 
u a-r 0S3 a r-y since all -sol ids are ert a i n e d ir- the '.i'-E'.atne.-n tf. 
Ba.ssment sump jiiumps or "column purnp-s" iAiith -i-laa.t -sw.l tehee end 
unpir -otco tsd mot or -a are unaccspjt atb 1 e <21). The builder "-.r o<.' ! ■: 
ensure that the pump and all of the associated v^irinq, 
controls, piping and -fittings are resistant to the hiu‘1.' 
corrosive atmosphere in the dosing tanh= fhe builder v;h-ould 
be r>ar t i cul ar 1 y care-ful when selecting -fastners to be used 
inside the tank. Stainless steel and plastic are eMafroles of 
corrosion resistant materials suitable for use in 
the tank. 

U'jsinq Tn;f-! , Dosinq tanks are subject to the sa-ne 
■:anstruct i cn standards as those used for septic tanis. In 
-act, many builders eliminate the oroblem o-f custom desD. gni ic:; 
rind building a dosinq tank by using a pre --f abr i cat c-c septic 
ta'ii-; witii a manhole erhension a-s the do«n,ng tank. As long as 
i.he tank s ia;-ge enough to hold the rsqi..'ired quaritity of 
cv--luent idoubls the design dose), there is no problem witii 
adapting a septic tank to this use,, F-T-e-f abr i cated co-icrete 
tanks in various sices^ and shapes are available commerc i ai I v : 
As a general rule, tiie tank should nave a depth o-f at least 2 
a nriinimum width or di ametet-- o-f at least 3 feet and a 
:t-::rage capacity of at least 220 gal lens C The actual 
65 
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':<?.pac;i t ■/ i a ;.ja v'erned by the distribution system size as 
d i s c (,.i s s- e d b a 1 o w . ) 

The dosing t-ank also must have a manhole opening 
Or at least 24 inches in diameter or 2(3 inches square to 
permit removal o-i- the pump -for servi cringe The manhole must 
s;;tend to the final -finished grade. Manhole covers must 
prevent escape of odor-s or entry of surface water and mu-st be 
5 e u r s d b y b a 1 1 s , a 1 o c. k i n g m e c h a in i s rn , or h a v e s u f -f i c r. e n t 
weight to render them child-proof (21). Figure 3.? 
illustrates a t'-/pical dosing tank conf i gur siti on . It also 
i 1 1 ustratss seme of the other design requirements associated 
with the pump and its' controls. The pump outlet line must be 
fitted with a quick disconnect fitting located sts close as 
possible to the manhole access so that i't can be reacheej easii-y. 
The puiTip itself mus't be elevated from the bottom of the tank 
to a.'void SLic-tion of any solids whichi (nay have been crarried o'ver 
from t!"ic septic tank. The builder should place the pump on 
bricks, blocks or a concrete base at least 6 inches high in 
order to mec?t this r equi r ernent . The base should not res’trict 
flow to the suction side of the pump in any way. The pump 
should iiot be susipended from the top of 'the tank by chains, 
straps or other types of hangers and it should be supported 
sufficiently at the base to prevent excessive strain on the 
Q u 1 1 e t p. i p i n q (21 ) . 

All electrical cannections (boxes, splices, plugs, 
etc.) mu-st be moisture resi-stan-t and should be located as 
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Sources Pennsylvania Department of Environmental 
Resources, Technical Manual for Sewage 
Enforcement Officers, 1983« 
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'ugh up ill the tank as possible to av,:u d contact witn the 
liquid. The wiring shown in f“igure 3.S is strapped to the 
delivery pipe to prevent the -floaxts -from slipping out ot 
pcisition or becoming entangled. Plastic hcse clamps or 
plastic straps are recommended -for this application because 
metal materials tend to corrode and also may damage the 
i n s u 1 a t i a n o n t. ti e w i r i n g . (Note; The b u i 1 d e r a 1 s o s h o Li 1 d 
consider the float conf i gur at i on when selecting the tank sics 
so that the-re is stiff icient room for installation). The BED 
will inspect ail of the wiring to ensLire that it is moisture 
resistant and that it is sufficient for handling the 
e 1 ca c t r i c: a 1 1 o a d o f t In e p u (n p , controls, a n d a 1 a i- ms. I n 
addition, !-i e s h o u. Id v e r i f y t h a t a 1 1 s w i t c !-i e s or f 1 o a I: s h a v e 
the same a.rnpera.ge and voltage ratings as the pump (21). 

Control S-. There are several type?s of pump control systems 
a V a i 1 a b 1 e . T i -i e m o s t c o m m o n t y p e u s e s rn e r c u. r y 1 e v e 1 s w i t c h e s 
enclosed in polyethylene floats to control pump and alarm 
functions. This type of system can be adapted easily to any 
sice or shape of tank and is compatible with most of tlie pumps 
which are suitable for i--esidential use. 

The pump must have a control and alarm system installed 
which can be adjusted to provide the proper volurre dose to 
the mound. The alairm is designed to alert the owner to any 
mal function which has prevented the pump from delivering the 
dGB£?. As shown in Figure 3.3, the alarm float is located a 
few inches above the pump-on level. The float will activate 
an alarm panei'l with light and bell signals which are located 
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irsL.de the .:!weliing„ The alarm system and the pump systen; 
must be provided with separate breakers or fuses so that a 
short in the piurnp does not deactivate the alarm. It is 
recommended that all wiring from the dwelling to the dosing 
hank encased in conduit -For added protection. 

The other two floats shown in F'igure 3.9 are the pump-on 
float and the pump-off float. The puimp-off float should be- 
set at an elevation a few inches above the suction intake. 

The pump-on float should be set at an Ble?vation so tha'. t the 
volume contained in the dosing tank between the pump-off 
level and the purnp-an level is equal to the require?d dose. 

T h 0 p u rn p - on 1 e v e 1 varies w) i t h the shape of the dosing t a n k 
used . 

The easiesit way to calculate the required elevation 
of the pump-on floa.t from the tank bottom is to determine the 
nu.mber of ga.llons per inch <GPI) of elevation in the tank as 
s h o w n be 1 o w = T’ h e r e q u i r e ci dose used i ri. t hi e calc u 1 a t i o n s 
below is equal to five times the internal volume of the 
distribution piping or 100 gallons, whichever is greater 
(:9„ 21). The formulae shown below are from the Tech'-! i cal 
Manual for S e w a g e E n -f a r c e m e n t Q f f i c e r s u21). The builder 
should include this information as a part of the design 
submitted to the SEQ for review.. The builder is responsible for 
installing the control and alarm floats at the proper elevations 
specified in the design. The SEQ should verify that the pump 
controls have been set for the proper dosing volume and that the 
storage capacity of the dosing tank is equal to at least twice 
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rsquirsd dose voIlj 



For C i r c u. 1 a r T a n k r. 



(EQN 3.1) GPI =■ CDTAMETER (in) ;•{ DI ANETER' ( i n ) : / 292.5 

(EQN 3.2) on-float - CREQUIRED BOSE (gal) / GPI3 + OFF FLOAT 

ELEV. (in) ELEV. (in) 

For S q u. a r s a r R e c t a n q 1 u 1 a r T a n I ■: s ; 

(EQN 3.3) BPI = CWIDTH (in) x LEMSTH (in) 3 / 231 

(EQN 3.4) ON FLOAT = LREQUIRED DOSE (gal) / GPI 3 +■ OFF FLOAT 
ELEV. (in) ELEV. (in) 



D e t g r rn i n i n q St a r a g e C a. o a c i t y : 

(EQN 3.5) DEPTH (in) x GFT - STORAGE CAPACITV (gal.) 

E::;aoplo. The remainder of the design worksheet for the 
example project can be completed using the information provided in 
this section (see F'igure :3„4). 

(1) Delivery Pine Friction. n 1 r.'L-it di afiieter . "7 sj Toot 

long delivery pipe will be assumed -for the design example. 

Assume that the -following -fitoings were needed tc connect the 
pump with the distribution manifold using thei shortest 
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,:30ssibie rauta; = 

90 EL <2 EA) • 45 EL : i £A? STANDARE TEE ■ I EA,> 

COUPLING <4 EA) QUICK DISCONNECT ;i £A) 

E q u. i V a .1 s n t. 1 e n g t h s <- or ail -f i 1 1 i n g s a. re; i o n n d in t h e 

table at the bottaa! or the worksheet and then are entered as 

B h Q w i" ! i n F i q u. r e 3.4 t o date r m i n e t i"! e t o t a 1 del i v e r y p i p e 

length (121.35 -ft). This i n-f ormati on than is osed to calculate 

the total i^rictian loss -from the dosing tank to the manifold 
(G. 26 -ft) . 

(2) Dosing Volume. T hi e r e q u ire d d o s i n g v o 1 u m e i s d e t e r m i n e d 
by a.dding up the ef -fluent volumes contained in the laterals,, the 
man i -Fold, and the delivery pipe (47.49 ga.l ) , The total e-f fluent 
volume in the piping then is multiplied by a factor of five to 
establish the required dose <237.5 gal). The minimum required 
dosing tank volume is twice the requii^ed da-se (4745 qal ) . 

<3'^ Tnt^^il Hoad., T h e e 1 e v a t i o n c 1 i a n q e from t li e b o 1 1 o m o -f t h e 
dosing tank to the highest point in the piping sy^tsiTi at the? 
mound site is assume?d to be + 8 FT. The total elevation change 
then is ca.lcuiate?d as shown in Figure 3.4 (13 ft). Total required 
head then is calculated as shown in the worksheet <13.26 -Ft)., 

4 ; Pufrip 8e 1 ect i on , Once the Total Head (13.26 -H: ) and the 
required flow rate (27 gpm) are known , manuf actur er ' s pufi'p curves 
such as those shown in Figure 3=3 may be consulted in order to 
select the appropriate pump. In this case,, Puitip #4 best meets 
the requirements for this -system since it most closely matches 
the head and flow rate requirements specified for this system. 

'"5" Control r'lcut El .^^/,5ti or- s = Assuming that a 43 inch diame?ter 
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do;^;,n:i tan' wl 1 i. ba a.^ed and that tha piamp-of f tioat .a to sal 
at an elsvation 10 inchaa 'frofn the tank bottom, the elevation c-f 
ths puiTip“On float above the tank bottom is found to be 40 iirohes 
as illustrated belowc (Note: For control sytems other than those 
employing floating mercury level switches, consult the 
manuf ac turer ' 3 manual to determine the procedure for- establishing 
liquid level settings.) 

(EQN 3.1) <48 X 48>/292.5 = 8 gallons per inch 

<EQN 3.2) (237.3/S) + 10 = 40 in 



Summary 

The i nf ormat i on provided in this chapter should enable 
the builder to rapidly design elevated sand mound systems f Dr- 
single family residences. The use of the five step procedure 
outlinerd in this chapter and illustrated in the design examplfi^ 
w ill y i e Id a c o n s e r v a. t i v e d e s i g n w h i c h m e e t s or- e c e e d s t h e 

DER design standards (19). It is recommended that the builder 

expand upon the information genera/:. ed using this design 
p r o c e d u r e b y d e v e 1 o ping d e t a i 1 e d d r a. w i ri g s and s p e c i f 1 c a t i a n s 

f D r- Li s^ e 1:1 y f i e 1 d c o n s t r u c t i o n p e r s o n n e 1 . 
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CHAPTER 4 



CPNETRUCTinM, 

Introduction. 

E-ffective construct i on o-f olevated sand mounds occurs 
when the e-f forts of the owner, designer, SEO , and the 
builder have been coordinaited properly. Planning is 
t h 63 k e y s t o n e f u n c t i o n w hi i c hi 1 e a d s to' t. h e i n s t a 1 i a t ion of 
3 y 3 1 e m s w h i c li vj ill f l; n c t i a n p rope r 1 y for m a. n y y e a r s , 

It has become apparent that one of the reasons for the 
unrei-asonabl y high failurte rate of mound systems SKafnined in 
ths3 PetersE^n study (6, 23) is that there has been a general 
lack of communication between the parties involved in thee 
construction process. EKptsr i enceed builders are becoming 
increasingly aiware of the need for advance planning and 
construction quality control, but there are still many 
b u i 1 d e r s w hi o a r e i n s t ai 1 1 i n g s y s t e m s w i t hi o u t r e g a i" d for- t hi e 
simple precautions which will pr 63 vent failure of thie system. 
Sewage Enforcement Officers must deviate more? attention to 
those contractors whio h6?.ve failed to r6?cognise the negative 
environmental! impact resulting from faulty installation of a 
sand mound system. Given thea fact that the installing 
contractors are not required to b63 licensed or trained in any 
way 5 the SEO must assumfa the burden of reraponsi bi 1 i ty for 
ensuring that builders comply with the regulations. 

In a speech before the Third Naitlonal Conferencie cn 
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Individi-ial Gn--Site Sewage Disposal SystefYis >15,, Mr. S. 

Maurer, representing the Pennsylvania Department o- 
Envi ronmental Resources . a.ddressed the need for improved 
e n -f Q r c e? m e n t w h i 1 e disc u s s i n g t h e n u m t; e r o -f m o u. n d s y 5 1 e m 
■F a i 1 u r- e s i n t h e C o rn in o n w e a 1 1. h . H e r e port e d 3 

' ' I n e V e r y c a s e . . . t hi e ni a 1 -F u n c t i o n w a s t r a c e d 
to improper enforcement, in that a system was 
permitted which did not con-form to the design 
standards, was not installed properly, or was 
i rnpr Dper 1 y me-».i ntai ned = " 

Clearly, DEf’; holds the SEG responsible for ensuring 
compliance with the regulations be-fore, during, and a-^ter 
con-struction. The quality assurance role of the SEG during 
construction will be a.ddressed in this chaptf£-r. 

The builder, on the other hand, must assume responsibility 
■for communicating in-formation concerning the operation a.nd 
maintenance of the system to the owner. The builder's role 
cannot end upon completion o-f construe 1 1 or if a rel iaihle -sy-stem 
is the desired end product. In the same speech discussed abeve 
(15), the lack of bui 1 der /owner communication also was addresseds 

"Rumor even ha.s it that an uninformed individual 
attempted to remove that pile of topsoil, that 
t h e b u. i 1 d e r s o n i c o 1 y left b e? hu n d , o n 1 y t o f i ri d 
that it was his sewage system." 
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Th* point hero i 2 : that cha ouilder's role ;in procuring a 
q u a 1 i t y p r a d u c t w h i c h c o m plies w i t In D E R s t a n d a r d s i ri c 1 u. d e s 
c o n 5 1 r u. c t i o n q u a 1 i t y c o n t r o 1 , a s d :L s c. (..i s s e d in t h i s c f i a p t e r , 
as well as education of the eventuad users of the system. The 
process of communicating operation and m,aintenance 
information to the owner is addressed in Chapter 5, 

The purpose of this chapter is to provide the builder 
with specific recommendat i ons for construcci on methods and 
qusility control checks which will result in compl:i atnce with 
the regulations and will contribute to a reduction in tlna 
failure rate of elevated sand mound systems ir: Fennsy 1 va.n i a . 
Specific topics to be addressed include pre-construct i on 
planning,, the quality assurance role of the SEQn builder 
q u a 1 i t y c ,o n t r o 1 , a n d !*■ e c o m m e n d e d c o n s t r u c t i o n m e t h o d s , T hi e 
1 nf ormat i on provided in this chapter has been tailored to 
m e e t t h e n e e d s of b u. i 1 d e i-- s e n g a g e d i n c o r'l s t r u c t i o n a f 
e 1 e V a ted s a n d rn a u. n d s i n a c c o r d a n c e w i t h D El R s t a n d a. r d s (19), 

1 1 r e p r e s e n t s a s y n t hi e s i s o f re c □ m m e n d a t i o n s p .i" e s e n t ad in 
3 e V e r a 1 d e s :i. g n r"! a n u. a 1 s a n d rep o r t s w h i c h h a v a a d d r e s s e d 
this subject (1, 4, 6, 7, 9, 12, 19, 21, 23, 23, 33). 

F' e - C o n s t r u c t i o n F 1 a n n i n g 

Tha first step taken by the builder in the process of 
constructing an elevated sand mound system is the? davaki cpment 
of a ;ore--construct i on plan. The pre-plan need not be a formal 
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w r i 1 1 tH' p ri c c u iti e n t p i- e p a red f a r e a c h i n d i v i d i. j. a 1 i n a t a. 1 i a. t i c n 
Instead, it should be in the -Far in o-f ;-x check?, i st which 
provides a general procedui'-al review designed to ensure 
thaxt all requ.i rements h-ave been rnetn Figure 4,1 may be used 
by the builder tar that purpose. 

SEED Quality^ Assurance/ 

Builder Quality Corrtrcl 

The SEC] may visit the site at -any time during the 
construction of the system and may revoke the permit it the 
installation is not being performed in accordance with the 
regulations or it the system is not being installed as stated 
in the permit application (20, 21). In tact, the SEO is 
responsible tor inspection ot the system betore, during, and 
a 1 1 e r c o rs s t r u. c t i o n a n d the b u i 1 d e r s h o u. 1 d e p e c t to see hi m 
on the site several times,, The quality assurance role played 
by the SEO is unique in that he is there to ensure that am 
environmentally sound system is installed in accordance with 
the re?gul at i ons. The SEO does not represent the owmer; a. tact 
which should be corriinun i cated to all parties in order to avoid 
any rni sunder stand i ng , The quail ity assurance role played b'/ 
the SEO is well detined in the regulations (19, 20), The 
q u a 1 i t y a s s u r a n c e / q u a 1 i t y c: a n t r o 1 c h e c k 1 i s t provided h e r e i ri 
as Figure 4.2 was developed by the writer at ter a complete 





Tigurs 'U J. - Ej «vated Rand M d 

Pr=- Const-uction 
Checklist 


PROJECT: 


DATE; 


ITEM # 


CHECKPQ I NT DESCR I -T I COMFIJ-TE- 


1 


y i 3 ;i t site and i d en t i f y su i t ab 1 e 
locations -for all components. Select 
2 or 3 alternative sites for the 
absorption area. 


2 


Sub m i t ap p 1 i c at i on an d p r op osed d s 5 i g n 
to the SED. <The SEO must issue/deny 
t h e p er m i t wit |-i i n 7 d ay s . ) 

Arrange initial site visit wi thi the SEO. 


4 


S t a k e a n d r a p e - o + -f t h e a b s o p t i a n a r e a 
site plus 10 feet along the down-slope 
side. DO NOT DISTURB NATURAL SOILS. 
Prepare backhoe pit<s) as specified by 
the SEO. Have a represantat i vs on-sits 
d u r i n g soil profile e v a 3. li a t ion. 


A 


Prepare 6 or more pcsrcolation test 
hoi es at 1 ocat i ons/dspth spec i f i ed by 
the SE:0. F-'r e-soak holes overnight. Have 
a representat i ve on-site during the 
percolation test. Provide source of 



77 



t 



>J a t :3 r for t e a ting. 



□btai. n copy of test results (ForiTi 
ER--BCE---1 17) with permit. Modify design 
to incorporate the SEO ' s recommendationr-i. 
Procure estimated quantities of 
mater i al s: 



SAND 

AGGREGATE 
TOPSOIL 

HAY/ BLDG PAPER/ 

FILTER FABRIC 
SCH 40 PVC PIPING 
PVC PIPE FITTINGS 
PRE-CAST SEPTIC TANK(S) 

(OR OTHER TREATMENT TANK(S)) 



PRE-CAST DOSING TANK 
EXTENS I ON MANHOLE 
WATERPRCOOF I NG COMPOUND 
■frSUBMERS I 3LE PUMP 
*ALARM SYSTEM 
^PIJMP CONTROLS 
^■^CONDUIT AND HIRING 



* Corrosion resistant materials only. 
Obtain cert i f icati on from sand 
supplier of compliance with PENNDOT FORM 
438 specifications for CC Sand Type A 
or EiC Sand Type B Number 1. Provide 
copy to the SEO with tne first del i ■.•-ery . 

L a y Q u. t and els a r a w C3 r I-: i n g a !- a a a i o n g 
the uf! --slope side of the mound., 



Layout and stake locations of the 
building sewer, treatment tank (s) , dosing 
t a n k , a n d d s 1 i v e r y p i p e . 
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F-igu.re 4.2 - G'UaLitv A£i;;urarcia. 

r ^Mty 3q ntr_ol. 
Ch eck 



checkpoint 

DESCRIPTION 



GENERAL ITEMS 

Application submitted sind signed by 
the property owner? <FORM ER-BCE-123) 

Is proposed design included with the 
appl i cation? 

Issus/Deny p€-?rmit within 7 days. 

( P' e !'■ m i t V slid for 2 y e a. r s f r a m i s s u e . ) 

If permit is denied, i^pplica.nt may 
request hearing before local municipality. 
R;equ.ast must be in writing and must be 
filed within 30 days from date of permit 
deni al . 

No pasrt of any system may be covered by 
t h e b u i 1 d e r u n t i 1 the S E □ h a s i n s p e c t e d 
i t a n d g i v e n f o r m a 1 w r i 1 1 e n a p p r o v .a 1 . 

The SEC must be notified vjhen the syste?m 
is complete and ready for inspection. 

The builde?r may proceed with covering the 
system if the SEO has not Inspected within 
72 h o u r s of n o t i f i c a t i c- n 



SECT. 
REF , 



71,41, 
C 1 . 43 
71 , 43 

71.45 

71.47 



71.43 
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6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

16 



Structure is not to be occupied L.ntii 73.11 

system is 100% complete and operable. 

E n s u r e t hi a t only h o u s e h o 1 d w a s t e s a r s 73. 11 

piped to the system. Vsri-Fy that root 
d r a i n s a n d f o u n d a t i o ri dr a ins are no t 
contributing tcD the disposal system., 

SITE IMVtESTIGATTQN 

Is backhoe pit located within 10 ft. of 
the proposed absorption area? 

Examine soil profile and record 
observations on Form ER-BU!Q--2?0. 

Specify 1 oc a t i on s / d ep t h of p er c o 1 at 3. on 
test holes. Record test results on Fo'-m 
EF^;-BWQ--290. 

BUILDING 5ENEFL 
Ch BC k f or m i n i mum 3 " d i ame t er . 73 . 2 1 

Check for cleanout at junction 73.21 

with building drain and at 50' 
intervals., < If < 4" DIA. ) 

Check fittings.. 90 degree bends 7'3.21 

a r e p r o hi i b i t e d . 

Check minimum slope. (1/4 in. /ft.) 73.21 

Check maximum slope within 10 ft. 
of treatment tan k . ( 1 /3 in, /ft. ) 

E n 5 u i - e that a 11 join t s a r e w a t e r t i g h t . 73.21 



7C: . 1 4 



73.14 



73.14 



S0 



E n S5 u r e t h a t. p i p e c a n w ;i t f i s t a n ui i. rn p p e d 
loads. (SCH 40 is recommended) 

17 Ensure that sewer is vented to the main 73.21 

building stack, 

SEPTIC TANK (IF APPLICABLE) 

1 0 M i n i m u m C a p a c i t y 9 0 0 G a 1 T'' 3 . 3 1 

19 Verify that required capacity has been 73.31 



prov i ded , 

Design Required 

Flow Capacity 

(GFD) (GAL) 



3 Bedrooms 400 900 

or 1 sss 

4 Bedrooms 500 1250 

5 Bedrooms 600 1400 



AEROBIC TREATMENT TANK (IF APPLICABLE) 

20 Minimum manuf acturer ' s rated treatment 73.32 

capacity is 400 Qpd. 

21 Verify that required capacity has been 73.32 

provi ded : 



3 Bedrooms or less, 4O0gpd„ 

4 Bedrooms SOOgpd 

5 Bedrooms. ............ 600gpd 
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Veri-fy that the aerobic treatment tank 73.32 

bears the seal a-f the National Sanitation 
Foundation, indicating testing and approval 
under Standard No. 40. <A seal from an 
agency other than NSF is not sat i sf actory- 
unless approved by DER. ) 

If multiple tanks are used, verify that 73.32 
they are connected in parallel and that 
the tanks have equaU capacity and receive 
equa.l loading. 

Inspect and test audible amd visual 73.32 

alcarms installed for the aerobic tank. 

D I STR I BUT I ON SYSTEM 

Verify gravity flow from treatment tank 73.41 
to dosing tank through min. 3" DIA. pipe. 



MiniiTium pipe slope is 1/4 in. /ft. 

Pressure distribution required for ESMs.. 73. 41 
E n s u i" e t h a t a 11 jo i n t s a r e w a t er tight- 73.4 4 

Inspect all fittings. Verify that nc 73.44 

c h e c ■'/ a 1 v e s h a v e bee n i n s t a 1 1 a d 

Verify thait manifold has been siced 73.44 

properly. 



DOS I NG TANK 

Verify that the tank, can hold twice the 73.45 
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required dese» 

Zneure that there s su-F-ricient space 73,45 

for p i_i iTi p ins t a .1 1 a t i a n a n d p i" o p e r d p e r a t i a n 

0 -F c o f! t r o 1 1 1 a a. t e . 

E n s u r e t h -a t m a n h o 1 e e t e n d s t d -F i n a 1 73. 4 5 

grads. 

Ensure that tank and joint with extension 73„45 
manhole have been waterprao-f ed to prevent 

1 n-F i 1 trat i on o-f grou.ndwat evr . 

dgstmq fump/cgntrols 

Veri-Fy that pump inlet is at least 6" 73.46 

■f r o m t a n !•:; ta a 1 1 o m . 

Ensure that quick disconnect -fitting has 73.4to 
been installed on delivery pipe inside the 
tank within easy reach of the manhole. 

Ensure that pump is not suspended from 73.46 

chains or haingers a.nd that it is not 
suspended from the delivery pipe. 

Inspect and conduct oper at i onal test of 73.46 
a 1 1 c o n t r o 1 s a n d 1 e. r m s . C h e c k flea t 
positioning. 

Obtain copy o-f the pump performance 73.46 

curve. Verify that the pump is a- d equate 
for the flow and head r squi rements of the 
p r e s s ur e d i s t r i b u t ion s y s t e m . 

Ensure thait all electrical components are 73.46 
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ci-f t'v vqI ..>nd amp .: age - atir-g.. 

Veri-fy thaL alarm and cantrol systems ai-e 
an separate cirsuits. 

4 □ I n s p e a t a 1 i c a m pane n t s i n s t a 1 led i n t h e 

closing tank to ensure that they ai.“-e 
c D r r a s i a n r e s i s t a n t . P a y p a r- 1 i c u. i a r 
a 1 1 s n t i o n t a h a, n g e r s a n d -f a s t e n e r s . 

ABSORPTION AREA 

41 Obtain cert i -f i cat i an , with -first delivery, 
that sand meet-s Penndot Form 405 spec. 

42 Ensure that all vehicles hctve been kept 
a-ft the absorption area site. Check tor 
e c e s s i v e? c o m p a c t i o n w h i c h m a y h ai v e 

a c c u. I" red d u. r i n g s i t e c i e a r i ri g . 

43 Ensure that soil m.aisture condition-s 
are sat i s-f'aotory -for proceeding with 
construct i on » 

CGNPTRUrTTON 

44 Verify that ground slope is less than 3%. 

45 Ensure that 4E!" o-f sat i s-Factory soil and 

•f ill e X i s t s a b o v e t h e 1 i m 1 1 i n g z o n e . A 1 s o 

verity that not less than 12" ot sand fill 
has been placed under the aggregate at -all 
poi nt s = 

46 En5u:"e that no -fill material has been 
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fni;;ed ^dth the natural aoils in the 
absorption area- 

Inspeeet site elearing work- All trees 73- 

should be cut off at ground level and 

stumps, should be left in place- All 

brush si mu Id be cut to the ground surface 

with roots left in place, -ourface chisel 

plowed par al lei to the; ground contour to 

a. maximum depth of 6 '\ 

Verify that rotary tilling was not used 73. 
to scarify the surface. 

Verify that side slopes of sand fill are 73. 
not steeper tham 2s 1. 

Check sand leveling. Tolerance is +/- 2 /"S., 

inches per 103 feet. 

Inspect soil cover master i-al to ensure 73. 

that max 23X co-arse fragments are present 
with none exceeding 4" DIA. 

Verify that side slopes of soil cove^r -are 73- 
not steeper th-an 2;;1. 

Ensure that -at least 1 ' of soil cover h-as 73. 
been placed -above the aggreg-ate bed and 
that the soil cover is at le-ast 3' wide at 
the top of the auggragate- 

Ensure that the mound has not been 73- 

located in a natural dra.inace path and 
■f h a t a 1 1 B u r f a c e r u n o f f 1 j a s be e n d i v e r • t e d 
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iSvviay -from the iiiound site. 

Inspect landscaping to ensure that the 
cpmpleted mound has been protected 
adequ.atslv' -from erosion. 
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review o-f the DEF'^ standards. References to appiicaole:) sections 
cDf Chapters 71 and 73, (19, 20) , are provided. 

The checklist is intended to serve as a. quality assurance 
tool for use by the SEO and as a. quality control tool for use 
by the builder. The builder must become familiar with all o-? 
the items listed in the checklist in order to ensure that a 
good quality product, which fully complies with the regulations 
w i 11 be cons t r u c t ed . 

Builders should be aware of the fact that many of the 
restrictive codes and regulations which govern the industry 
have been created in response to the i rresponsi bl e actions of 
a small minority of contractors. The enforcement of DER 
regulations by local municipalities is vigorously pursued in 
some areas and is la:-; in others. It is apparent, however, that 
there could be a move toward more frequent inspection by SE3 ' s 
as a means of reducing the high failure rats of on--lot sewage 
disposal systems if the industry cannot solve the problem alone 
The only inspection of the system currently required by the 
regulations is the cover-up inspection which occurs very late 
in the construction process. Municipalities could, for e>: -ampl e , 
expand the quality assurance role of the SEO to include 
inspection and signature authorisation to proceed after each 
of the construction phases listed below: 

1 ) Sited ear i ng /Si te Prepar at i on 

2) E;-;cavation 

3 ) S a n d F ill P 1 a c e m e n t 

4 ) Meehan i cal /El ect r i cal I nst al 1 at i on 
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System Operational Test fprior :.c> Bac kf i 1 1 i. ng ) 
6) Post Ccnstruction (Landscaping, Drainage, 
Erosion Control) 

Cons t !'■ u c t i o n M e t h o d s 



As noted earlier, the low level o-f contractor expertise 
X n t h e c o n s t r u. o t ion or e 1 e v a ted s a n d m a u. n d s y s t s m s vj a s 
identified as a. major contributing factor to the hicjh rate of 
failure experienced with these systems in the past (6, 23). 
Iffiprovements in design and construct i on practices have resulted 
in improved reliability of the systems in recent years (32). 

This improved reliability is not to say that all of the problems 
have been salved. In fact, field obser vat i ons made by the v-r;^itsr 
indicate that some of the systems are not being installed in 
accordance with DER regulations. In one of these cases, the 
observed contractor had installed several pressure dosed systems 
in the past, so it appears that the problem may be a f i.indaiTiental 
lack of infD^-mation rather than a lack of experience. 

In most cases, elevated sand mounds for residential use are 
not designed in detail and clearly written specifications are 
not prepared. The lack of such infornmation for use by field 
coristruction personnel is probably a major contributi ng factor 
leading to the eventual failure of a system. Builders should 
consider the? need to provide an adequate level of training before 
sending a foreman or a backhoe operator into the field to 
exercise his best judgement as to how the system should be builc. 

as 



:.;i qrii -F i ,_ant improvement: in ch;:;: qur,.it\ of conn _r,_irti c n o-t 

elevated sand 'nounds can be achieved if t he -i net ai 1 e’" works 
-From a detailed design, has a. good con at r u.c t i on pre-plan, and 
■fallows the ba.'sic recommendat i ons for const ruct i on methods and 
q ua 1 i t y c o n t r o .1 d e s c r i b e d i n t hi is chapter. 

E c 1 u. s i v e Co n t r a 1 o f t h e Pi-- a j. -ac t 

If the assumption is made that some installers lacii: 
expertise in the construction of elevated sand mounds, it also 
can be assumed that the homeowner has the same problem. In 
some cases, the contractor may be pressured by the homeowner 
to identify some phase of the job which he can do himself i r 
order to reduce the cost of the system. The homeowner may, 
for example, want to clear the site of trees and brush, 

A 1 1 h o u g h t h i s a c t ion see m s h a r m 1 e s s e n a u g hi , it i s u n 1 i k e 1 y that 

the homeowner will be aware of the irreparable damage which can 
be inflicted on the natural soils if the site clt?aring is not 
performed properly, A situation such as this was observed on 
o n e pro j e c t w hi ere t h e h o fri e a w n e r a s -s tun e d r e s p o ri s i b i 1 i t y f o r 
site clearing and landscaping. The soils were severely 
compacted by a tractor and the final landscaping provided 
a 1 m o s t n o p r • o t e c t i o n f r o in e r o s i o n . It is s t r o n g 1 y r bcq m i ;i e n d e d 
that all phases of the job be performed by the installing 
c o n t r a c t o r s a t h a. t e 'f f e c: t i 'v e q u. a. 1 i t y c o n t r o 1 m a y b e;- exercised. 

Site Preparation, 

T h e f i r s t p h a s e o f 1 1 1 e c o n s t r u. c t i o r'l p r a c e s s is the 
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preparation' ■:/+ che aite-, Ti'iie pric;'oe i‘riudes laying ir. t tr.j 
locations of all components of the system, clearing the tress 
and brush, and preparing the soils in the absorption ar-eau 
The locations of the absorption area, the dosing tank, 
treatment tank, delivery pips, and the building sewer should 
be clearly staked out or otherwise marked by a knowl edgeab 1 e 
individual before any other work begins^ The locations ■jf all 
of these components should be specified in detail in the design . 

At a minimum, it is absalutel'/ essential that the limits of the 
absorption arcea are clearly marked so that the soils in that 
area are properly protected from compaction by egiiipment. The 
soils in the absorption area inust not be disrupted in any 
manner which could affect the natural percolaition of traatment 
tank effluent. It is recommended that the absarption area, as 
well as the area down-slope of the mound site, oe roped-off 
to t?nsu.re that the soils a.re protected properly. On one site 
observed by the writer, the four corners of the absorption area 
were staked, but none of the other features were properly located 
and marked. The result was that the back hoe operator simply 
"eyeballed" the locations for the tanks a.nd the sewer lines. The 
location chosen for the dosing tank was so close to the absorption 
area that it ended up being completely bi.iried by the soil fill on 
the side slope of the mound. In addition, the back hoe tracked 
directly through the absorption area and a.iong the downslope 
side of the mound site. As an added precaution, it is recommended 
that the builder spr-ead a six inch thick layer of saind or soil 
fill over all areas on which equipment will oe operating. This 
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thir; Ic/vzjr c-T t 1 1 wi 1 ] S!-t as a ’'cushion" to protect 
urrclerlylng natural soils. 

Site clearing outside the general vicinity o--- the 
absorption area and the a.d j-acent dowr.-sl opa area rT,ay 
be accomplished using heavy machinery, it so desired. Stumps 
and rocks may be removed as required. The installer should 
take care to ensure that all r:a>tural drainage up-slope of the 
mound site is diverted around the sides so that excessive 
erosion and saturation o-F the absorption are-a does not occur. 

T h e i n 3 1 a 1 1 e r s h a u 1 d a 1 s o e n s u r e t ! i a t n o e i s t i n g d r' a i n age w a y s 
are blocked by the site clearing operation, thus in effect 
diverting the flow directly into the mound. This problem was 
observed on one site where the mound v*jas located adjacent to 
a natural drainage path which wats subesquently blocked by 
material stockpiles and brush from the site cleairinq operation. 
Surface runoff was diverted directly into the mound excavation 
while the system was under construction. 

Site clearing within the absorption area must also be 
performed properly in order to ensure that the system will 
function as designed. The critical factor to be remernbered in 
performing this worl--; is that the natural soils should be 
d i s t u r b e d as little a s p o s s i b 1 e . T i- e e s hi a u Id be c u t t a n e a r 1 y 
ground leve:?! using a chainsaw and the stumps should be left 
in place, undisturbed. Brush should be trimmed to the ground 
surface, but all roots should be left in place. Following 
-emoval of treeis and brush, the ground surface should be 
chisel plowed to a depth of not more than six inches. The 
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ground isurtace should novsr be tillod with ^u-ly type o-f disc 
or rotary tilling equipfnent because the tilling action will 
cause the soils to smear . The smeared soil surface will 
disrupt the natural percolation of effluent and could cause 
the mound to fail. The ground surface should be covered 
immediately with a thin layer of sand after the chisel plov‘Jing 
has been completed in order to pr ote?ct the soils from ponding 
or erosion due to surface runoff from rainfall » Under no 
ci rcu.msta.pces should any vehicles or construct i on equipment 
be permitted to track through the absorption area or across 
the down-slope side of the mound. The comp'Oct i on of the soils 
resulting from vehicles or construction equipment maty create 
an i mper.meatbl e 1-ayer under the mound which could result in 
rapid hydraulic fa.ilure of the system. 

The contractor must take into account the soil moisture 
conditions prior to performing any work on the site. It should 
be apparent that the potential for damage to the natural soils 
in and around the absorption area is much higher if the soil is 
moist. The general rule of thumb is that if the soil does .not 
crumble whan formed into bail in the hand, it is too moist 
and should not be-? disturbed until it bars dried out. The '.writer 
observed heavy equipment operating in and aground the absorption 
area on a site which was completely satur-ated. In this pa^rt i c:u.l ar 
case, the e;;cavati ons for the t-anks and sewer lines were 
completely flooded, yet the contractor installed the sewer lines 
and backfilled using a wet clay, long before the SEC had performed 
his fina'.l i nspect i on „ 
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Finaliy, the preparation o-f the site must include the 
clea.ring o-f sufficient space along the up-slope side of the 
mound for use as a materials storage and work airea> There 
should be sufficient room allowed for a backhoe to operate 
without having to roll onto the aibscrption area. Figure 4=3 
illustrates the recommended layout of the construction site 
for a mound system. 

Excavation. 

The ns^xt phase of the construction process is the 
excavation required for installation of the treatment tank, 
dosing tank, and sewer lines. These components should 
have been laid out as described above? so that the excavation 
can proceed in an order Iv' fashion using a backhoe. The 
contractor should be able to consult a design drawing in 
order to obtain the depths and slopes specified for the 
sewer lines and should consult the pre-cast tank supplier 
to obtain the actual dimensions of the trea.tment tank and the 
dosing tank. The design should specify the depths at which 
these tanks are to be placed. The tanks and the sewer lines 
should be placed on a compacted bed of soil and should not be 
instill led under wet soil conditions. The excavation should 
not be backfilled until after the SEQ has been called to the 
site for the final "cover-up" inspection. The installer should 
fill the tanks with a sufficient amount of water to prevent 
them from floating if the excavation should flood for any 



reason. 




PERIMETER 



-jj- MOUMD PERIMETER 

-/- ABSORPTION AREA PERIMETER 



Figure 43 Site Layout 
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Fill 



The rirst layer to be placed in the absorption area 
is the sand -fill. This material should be stockpiled a^t a 
convenient location up-slope of the mound and should be 
spread over the absorption area using a taackhoe with 
sufficient reach to extend atcross the short dimension of 
the mound. This procedure should not be a problem if the 
recommended long, narrow design has been laid out per pendi cul ar 
to the ground slope. The sand should be leveled to within +■/- 2 
inches per 100 feet and the side slopes must be no stfoeper 
than 231. In most cases, these standards cannot be met unless 
some hand leveling is performed. The installing contractor 
should ensure that the minimium depth of sand at any point in 
the mound is 12 inches or the minimum depth specified in the 
design, whichever is greater. 

As soon as the sand has been leveled and the depth has 
been verified, the aggregate bed can be placed using the same 
procedure followed with the sand. The aggregate should be 
placed to a uniform depth of 3 inches. The distribution 
1 a t e r a 1 s a n d t he !ii a n i f o 1 d will be 1 aid o ui t o n top of t fi i s 
level. Following the installation of the distribution laterals 
and the manifold, additional aggregate must be placed so that 
the entire lateral system is covered to a depth of at least 
two inches. 

Soil fill should not be placed until after the SEQ has 
conducted his final "cover-up" inspection. The soil may be 
imported or obtained on the site, but it niust be of sufficient 
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qLsality to permit the rapid eetab i i srim^r' i. oi grasa or Dtnr- 
ground caver ae quickly -as possible f ol .1 owi ng the completion 
Qt construct i on . There must be -at least one Toot of soil fill 
above the aggr'sgate and there must be at least three feet of 
soil placed from the edges of the aggregate a.bsorption airea to 
the exterior side slope of the mound. The side slopes must not 
be steeper than 2:1 and should match the side slopes of the sand 
fill., Soil fill also should be placed using the backhoe from the 
up-slope side of the mound, with finishing work being performed 
by hand as required. Figure 4.4 illustrates the requirements for 
placernent of fill materie^ls. 

Pipe Insta llation. 

Pipe sices should be specified on a design drawing, along 
with the layout, including required depths and slopes. Schedule 
40 PVC is required for the pressure distribution system. Schedule 
40 PVC is recommended for all other piping applications 
associated with elevated sa.nd mounds. If, however, ai lightweight 
sewer pipe is used for the building sew.ier or tiie sewer line 
between the treatment tank and the dosing tank, it is still highly 
recommended that Schedule 40 piping be inst-alled within ten feet 
of the tanks in either direction in order to prevent the piping 
from collapsing or pulling away from the tanks as the surrounding 
soil begins to settle. The writer observed one contractor 
installing lightweight sewer pipe in a trench which was partially 
filled with water. The pipe was not properly supported at any 
point and the proper slope could not be attained. The excavation 
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WM, FILTER FABRIC, 
OR OW-TREATED 




B. 6"' (Mini mom) belou \ccVercx\5 / Z'' (Minimum) above IccVerals- 



C. Thin lender ( Ktii^) or single thickness (buiUin^ paper). 

D. ^ (Minimum). 

E- 3 (Minimum). 



Figure 4,4 Fill Placement 



waz;- back-filled dh the same day, prior -to inspection by the SECh 
T hi e r 0 i s a h i g h p r o b b i 1 i t y t hi a t 't he pipe i,M ill be d i s p 1 a c e d a -s 
the -surrounding soil begins to settle. 

The building sewer and the sewer line between -the 
treatment tank and the dosing ta^nk must have continuous gravity 
flow. These lines cannot be allowed to sag because solids will 
accumulate rapidly and flaw -will become restricted. The 
ininimum allowable slope for these lines is 1/* in. /ft.,. The 
maximum allowable slope within ten feet of the treatment tank 
is 1/S in. /ft.. These slopes must be verified by the builder 
prior to backfilling. The minimum diameter permitted for 
sewer lines is 3 inches, fti 1 pipe joints must fit properly 
to ensure watertight integrity. This requirement will help to 
prevent the loss of wastewater before it has been properly 
treated and will also help to keep tree roots and soil from 
entering the piping system. Finally, pipe installation and 
b-ackfilling should not be performed under wet conditicrns because 
the piping will become displaced after the soils ha-ve drained 
and settled. 

All pipjing installed do-wnstream of the pump will be? 
under pressure each time the do-se is delivered to the mound. 

Each joint,, therefore^, should be free of burrs, cracks or other 
imperfections and should be cleaned and glued using -the same 
methods applicable to the installation of pressurised plastic 
u! a 1 0 1 "- d i s t r i b u t ion p i p i n g . T hi e d e 1 i -v s r -y pipe f !•- o m t h e p u m p 
outlet t.o the distribution manifold must be installed using the 
m i ri i tn u m p o s s i b 1 e n u. m b e r o -f f i 1 1 i n g s . C h e c v a 1 v e s m u s t n e v e r 
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be :-~3talled in the pressure distribution systei^. The 
delivery line must have a minimal uphill slope so that the 
e-ftluent remaining in the piping can drain back into the tank 
a -f t e r t h e p u m p h a s c o m p 1 e ted its' cycle. T !'! e i n s t a 1 1 e r s n o u 1 d 
pre-fit the lateral distribution system and delivery piping 
prior to gluing it in place in order to ensure that all 
components have been si.^ed and aligned properly. Each lateral 
should have 3/16” diameter holes drilled in the bottom of the 
pips at a point 3 feet from the manifold, then at siK foot 
intervals, with the last hole drilled horizontally in tne 90 
degree sweep at the end of the lateral. Finally, the builder 
should install risers from the end sweeps up to the finished 
grade at the top of the mound, with cleanout fittings on the 
ends for easy maintenance access. 

Tank I nstal 1 at i on „ 

The treatment tank and dosing tank must be set at the 
p r o p e r e 1 e v a. t ions specified i n t h e design i n order t o e n s u. r e 
that, (1) gravity flow can be maintained in the building sewer 
and the sewer between the two tanks and <2) to ensure that 
t h e d e s i g n i i e a d b e t w e e n t h e d a sing tan k a n d the i j i s t i b u t i o n 
m a n i f o 1 d in t It e m o u n d r e m -a ins u. n c h a n g e d . Ins t a 1 1 a t i o n m a y b e 
performed by the supplier in some cases. The tanks should be 
filled V'jith water and should be partially backfilled to 
prevcant them from floating out of poEiition if the water 
t a It 1 e s h o u. Id rise a i- t h a e x c a v a 1 1 o n s h o u 1 d o t !-i e r- w i s e bee o m a 
flooded for any reason. If a two piece tanh: is used or if 
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an e;-; tension mcinrioj. e j added,, the jc, ints must be thoroughly 
waterproofed to prevent infiltration of ground wate'" a.nd/or 
leakage of treatment tank effluents It is also recommended that 
the ta.nk eirterior be waterproofed to minimize infiltration/ 
leakage at all points. Baps around inlets and outlets must 
be filled with mortar or grout to prevent leakage or 
infiltration at those points. 

The dosing tank must have a. manhole access which extends 
to the finished grade. The access manhole must not be covered 
by the soil fill. The treatment tank also should have an 
extension installed above the small access port to the inlet 
baffle in order to permit periodic maintenance to be performed 
in the event solids become lodged at the end of the building 
sewer. In one case observed by the writer, the contractor 
i installed an extension manhole above the dosing tank and then 
defeated the f unction of the extension manhole by covering it 
with fill material. In addition, the manhole access was 
approx i rnatel y 17" X 17"; too small fc-r maintenance personnel 
to actually enter the ta.nk. 

Dosing Tank internals. 

The proper installation of the piping, wiring, and 
other equipment located inside the dosing tank is one of the 
most critical phases of the job. Even if the mound itself has 
been inst-ailed perfectly, the syste?m cannot function if the 
mechanical and electrical components in the dosing tank fail 
to operate when required. The installer must recognize that all 



1 00 



cGmpcnGnts instaLisd in the dGsing tank will be exposed 
cont i nuQij.sl y to a moiat and highly carrasive ittmosphere. tlhs!' 
p u i'- c h a e i n q rn a t e r i a 1 a far in s tall a t i q n in the dosing t a. n k , 
consi derat i Of! must be^ given to the selactj. on of corrosion 
!-■ (5 s i s t a n t m a t e r i a 1 s s u c hi a s p 1 a s i; i c s a s o p p o s e d t a tn e t alii c 
components mother than stainless steel). In addition, the pump 
selected must be -fully submersible and must meet or exceed the 
head and flow rate requi rements specified in the design. 

It is important to note here that the i nstal 1 ast i on of 
the cTiechanical and electrical components for an elevated sand 
mound system requires skills which are not normaily as-sociated 
with the excavation work which has been described up to this 
point,. The builder must ensure that the personnel assigned to 
the project have the skills required for installation of purnp-s, 
piping, alarms, and control systems. In addition, the SEO must 
ensure that these components have been properly ins'tailed. The 
SEO should physically inspect all piping, wiring, electrical 
c a n ri e c t i o r i s a n d b o e s to e n s u r e t h a t t hi e m i n i m u m s t a r-i d a r d s n ai v e 
been mo=?t <21 ), Thi-s is particularly important because many rural 
m u n i c i p a 1 i t i s s h a v e not a d o p t e d b u i 1 d i r 'i g c odes w h i c h w o u 1 d 
o t h e r w i s e g o v e r n the i n s tall a t ion of the e q u i p m e n t . 

The first item to be installed in the tank is a concrete 
b 1 o c k: o r a f e w b r i c k s w h i c h will s e r v e t a e 1 e v a t e t hi e 
submersible pump suction to a point at least six inches off 
the bottom of the tank. The pump, with the delivery piping up 
to a r; d i n c 1 u. ci i n g t e a t t a c h e d q u i c k d i s c o n n e c t fit t i n g , i s 
then set in pla.ce on top of the bricks. Note that the piping 
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.nu-ic be pre fitted prior to gluing in or'der tc. epeL’re that 

both ends o-f the quick disconnect fitting will mete properly 
when the pump is set into place. The delivery piping should 
run vertically from the pump outlet, followed by a. 923 degreo 
elbow and a quick disconnect fitting near che top of the tank. 

A nylon line, which must be easily reachable from the manhole 
access, should be attached to the pump. If the pump should ever 
require service, it can then be eaisily remioved by disconnecting 
the delivery piping at the quick disconnect fitting and pulling 
the pump and the a.ttached piping out through the manhole using 
the a.ttached nylon line. Figure 4.5 illustrates the typical 
arrangement of components inside the dosing tank. 

After the pump and the d i str i but i ori piping are in place, 
the switches which control the on-off cycle of the dosing pumip 
and the high level ala.rm may be installed. The most common 
type of switch used is the mercury level switch which usually 
is encased in a. polyethylene float. In order to set the floats 
at the elevations specified in the design, they should be 
attached to the vertical portion of the delivery pipe using 
plastic hose clamps. Excess slack in the wiring should be pulled 
to the top of the tank in order to prevent the float switches 
fro m b e c; o m i n g e; n t a n g 1 e d . E 1 e c t r i c a 1 c a n n e c: t i o n s m a d e w i t ri i r' t h e 
dosing tank must be waterproof . All .junction boxes installed in 
t h e t a n k rn u s t b e w a t e r p r o o f an d c o r r o s i o n r e s i s t a n t . It is h i q hi 1 y 
recomimended that all wiring splices and connections be made using 
the "heat shrink" method. All junction bo.xes and connections 
1 ocated 
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Source; Pennsylvania Department of Environmental 
Resources, Technical Manual for Sewage 
Enforcement Officers, 1983. 
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inside the tank nust be installed hiyh enough in l:!-:e :ank to 
a V aid a c t u a, 1 c a n i: -a c t v'j i t h t h e 1 1 q u i d s u r f a c: s 

Electrical Tnst al I at i on . 

The electrical installatian required -for an elevated 
s a n d rn a u n d i s e x t r e m e 1 y s i fn p 1 e , b u t i t m u 5 1 be p e r f o r m e d 
prop er‘ 1 y in a r d e r !: o e n s u re long lasting service. A !L 1 i n s t a 1 1 e d 
components must be of the same voltage and amperage rating. 

In most cases, pumps and alarms operate on 120 Volts at lo - 23 
Amps.. The alarm system and the pump system must be installed 
on separate circuits. This; requirement is important because the 
function of the alarm is to alert the oi^ner that a high water 
level has been reached in the dosing tank. If the pump and the 
alarm are cn the same circuit and the pump tails, ca.using 
the breaker to trip, the function of the ralarm has been 
defeated and the owner will not be alerted to the failLu^e= 

The alarm panel should be installed in the residence s;-erved b'/ 
t h e s y s t e i n at so m .e c c j n v e n i e n t 1 o c a t ion s u c hi a s i n t he basement 
or garage. The wiring from the dosing tank to the breaker 
panel may be installed by dire^ct burial if a sheathed cable is 
used, or it may be installed in a. buried conduit. It is 
recommended that the cables be installed in conduit in order 
to provide added protection. In any event, the local building 
codes should be checked because they may specify the t'/pe of 
i n s t a 1 1 a t i o n r e q u i r e d . 

The electrical installation observed by the writer on 
on.e site failed to pass the GEQ ' s inspection. The electrical 
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CDnr:;;cti ons .£tnd bOKSii associated nitn the pump ar'd al ar^i 
s y s t e m s w e re in s t a lie d o u t s i d e t h e d o s i n q t a n k i n a m a k e s h i -f t 
wooden bo;-:» The electrioal oonipanen t s were only partially 
protected -from the weather by the box. In addition, the alarm 
system was connected to an existing lighting and receptacle 
circuit via an uncovere’d interior receptacle installed on the 
exterior of the house. The alarm panel itself was located in 
a crawl space where it was also partially ejxposed to the weather. 
The 5E0 made several recommendat i ons for changes, the most 
important one being that the electrical connections and junction 
boxes should be installed in the dosing tank, and that all of 
the components installed in the tank should be waterproof and 
corrosion resistant. Unf ortunatel y , the contractor simply removed 
the makeshift wooden box and installed open boxes and unprotected 
electrical connections inside the esxtension manhole to the dosing 
tank. This particular installation is not esxpected to provide 
1 on g I a s t i n g ser v ice, 

i n a. 1 G r - ■ d i f i q a n d i„ a n d s c a p i n 

Fallov'iinq successful completion of the cover-up 
inspiection by the 3E0 and after all deficiencies have been 
cor!" e c ted, 't li e e x c a v a t i o n s c a n be b a c f i 1 1 e d a n d 1 1’= e soil 
cover can be placed on the mound. All ruts and other 
depressions which could contribute to erosion problems must 
be fill e d a. n d 1 e v e 1 e d . The a r e a s u. r r o u n d i n g the va 1 e v a t e d s a n d 
mound should be finish graded to ensure that all surface runoff 
w ill. b e d i v e r t e d a r o u. n d the si d e s o f t h e rn o li n d . Finally, t h e 
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■zoi 1 'iur-^-aCis aked to •■emovs rocks^ trLish ;^nd othO'- 

dabris„ 'k th^ native sails are of such poor qualit/ that 
'Vegetative cover cannot be eKpected to take root, good 
quality topsail should be imported -for use in establishing 
vegetation as soon as possible. It isi recommended that the 
entire area be seeded with grass, -Fertiliced, and mulched a.s 
soon -as possible following completion of construction. Trees 
and shrubs should not be planted on the side slopes of the 
mound, patrt i cul ar 1 y those which have extensive shallow root 
systems. 

Construction of elevated sand mounds will be successful 
if the builder coiiimuni cates well with the owner and the SED,, 
develops a. good construction pre?-plan, develops adequate 
pl-ans and specifications, and exercises effective quality 
control. The use of the pre-construc t i on and quality 
assu.r ance/qu.al i ty control checklists provided in this chapter 
w ill a s s i 3 1 t e b u i 1 d e r in iT! e e t i n g t >-i e g (d a. 1 of p r o d u c i rs g a 
quality end product which complies in full with E'ER 
regulations. In addition, employment of the recommended 
construction methods may help to prevent costly mistakes and 
in that respect may contribute to lower construction costs as 
well as improved quality. 
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CHAPTER 5 



npER.^.Ti:ClN AND MAINTENANCE 



Intrc.dv.ction 

The CQst.5 incurred by homeowners Tor the installation oT 
an elevated sa.nd mound system range from as low as :f4,0E0 to 
as much as #14,000 (32)= Given the high cost oT these systems, 
it would seem likely th-at iwell informed homeowners would have 
some interest in (snsuring that thie the life oT the system is 
e ; ; t e n d e d as 1 o n g a. s p o s s. i b 1 e t h r o u g h p r c p e r o p e r a t i o n a n d 
rnai ntenancBa 

The problem encountered here is that the homeov-jner , in 
some cases, it not even remotely aware of (1) where the 
system is located, (2) how the system works, (3) when to 
perform maintenance, and (4) how to troubleshoot problems. 

In many cases, the hotne owner may be the third or fourth owner 
oT the home and may not even be -aware that the system e;:ists. 
In other cases, homeowners probably assume that because they 
were not provided with anv turn-over documents (other than the 
b u i 1 d e r ' s i n voice) , t h a t t ti a s y s t e m will t a k e c a r e o f i t s elf. 
In terms of the cost oT replacing a failed system, the price 
of such ignor Since can be very high. 

Co^n^ufvcation 

The solutions to the types of problems described above 
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depend upon estab 1 i yhrnent o-f e-F ■■ ect i vr comrnLinicati on 

betwt?en the bu. iider and the homeoi/jner . The hcimeowner , as a. 
coriBUiTier, expects to receive SLif -f i ci ent i n-Format i on to enable 
him tc operate and main tain his sewage disposal system « The 
builder, on the other hand, should be interested in ensuring 
that the system has been installed properly so that it will 
■function as designed for many years. The problem here is that 
in many cases the builder nrieets hi-s installation objective, bu.t 
often fails to provide adequate mai ntenance i n-F orftiat i ori to the 
homeowner. The result in some cases wti 1 1 be a premature -failure 
of the? 3ystf?n-i. 

The? re must be? a -formal trans-Fer o-f i n-F or mat ion between 
the bull do^r and the homeowner upon completion o-f the 
i n s t a 1 1 a t i D n . 'T h e w r i t e r h a. s d e v e 1 o p e d a ri o p s r a t ion and 
maintenance -fact sheet designed to -i-acilitate this i n-f ormat i on 
exchange. The -fact sheet includes basic i n-f ormat ion about how 
t h e s y s t e f n f u. n c t i a n s , t h e t y p e of e iq u i p m e n t i ri s t a 1 1 1 ? d , 
recommendations for operation and mai nt enance , troubleshooting 
guidance, and a sketch i ndi cat i i ng the location of each component 
of the system., The operation and mai ntenance recommendat i ons 
provided in the fact sheet represent a synthesis o-- reoommended 
pract.loes from various references addressing this subject ‘'2, 3, 
12, 22, 24, 23). 

The? builder should fill out the fact sheet ( See Figure 5.1' 
and turn it over to the .hOiTieown- er upon completion of the 
installation of the system. In addition, it is :-ecommend6-'d 
that the fact sheet P-? per iiianent 1 y posted in ti?e home near the 
106 
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ioc/atian O' tr.a ^>.1. ar" pansi or th& taroaker panel or 

-fUBO bo>; , Tine builde:" ohould also curn over- ail documentB 
l■••■ac;eived troin the pump , control syctoiTi, and alarm eyBtem 
manutactu -ere , part :L cul ar 1 y those needed for warranty 
rsgi strati on . 

F i n a 1 1 y , i t i s r e c o m m e n d e d that t h e □ u i 1 d e r • i n c 1 u. d e t ti e 
cost of a service contract in the price established tor the 
system. The service contract should provide -For inspection cf 
all system components and pumping o-f the septic tank two years 
T r • D rn t h s d a t e o-f -fin a 1 ins t a 1 1 a. t i o n . T hi e h o ni s o w n e r w o u 1 d t e 
expected to assume -full responsi bi 1 i ty -for periodic 
mai nt enance a-fter the -first two year service inter-val. 
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Figure? F. L 



FJ. at t:; d S a n d M o u r i c! 



Gpar-fition and Maint^^nance 
Faut Shspi: 



BUILDERS 



liMSTALLATION DATEs 



THIS HOME IS EQUIPPED WITH AN ELEVATED SAND 
hound SEWAGE DISPOSAL SYSTEM. THE COMPONENTS 
OF THE SYSTEM ARE LOCATED AS SHOWN IN THE 
SKETCH BELOW. 
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'"''e;atrne3nt Tank Capaci\;y gal 

Dosing Tank Capacity___ gal 

Pump .''••lanu'f actursr Model # 

C on t r D 1 S y b t e m M a n u -F a c t u r e r 

A 1 a r (n S y s t e m M- a n u a c t u r e r 

* CONTRQL FLOAT POSIT i QM.g 

PuiTip-Qf-F F'laat ir Alar m Float 

Pump-On Float in * Elev. Fr-om Dosing 

OPERATI ON 

This system operates automatically when -functioning 
normally^ The wastewater flows from the house, through the 
building sewer and into the septic tank or other treatment 
tank« The treatment tank collects the solids, which will 
decompose navturally in she tank. The liquid effluent then 
flov'js to the dosing tank. An electric submersible pump 
I c c '3 1 e d i n s i d e t he dosing t a n k a c t i v a t e s e a c h 1 1 m e a 1 i q u i d 

dose of gallons has accumulated in the tank. The 

liquid is pumped from the dorsing tank into a. network of 
distribution piping buried inside the elevated sand mound. 
The liquid flows out of the di str i but i on piping in the mound 
and flows downward through the stone and sand fill ir the 
mound. It then peenetrates the ground su.-face and flows into 
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Tank Bottom 



Model !+. 
Model h. 



t h e n a t u r a 1 soils-. 
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f^EC0M!lE!MDATIuN-5 



(1) The septic tank ehcu.ld be pumpeQ and the system 
should be inspected at least once every two ys3.rs. A service 
contract has been arranged for the first service interval in 

(Month/Yeesir ) . To schedule this service; 

Contact ; 



Phone; ( ) -- - 

(2) If an aerobic tresitment tank is installed, consult 
operation and maintenance ma.nuail p;'-ovided by the manuf acturer 
for specific operation and maintenance procedures applicable to 
your system, A service contract has been arranged to cover the 
first year of operation of the system. Quarterly inspection of 
the aerobic treatment tank and all associated mechanical and 
electrical systems can be arranged by contacting the; firm listed 
below. Inspections should be scheduled during t!ie months listed 
b e 1 D w !■: ( h! o n t h / Y e a r ) 



3 

4 .. 

Contact : 



Phone; ( ) - 

Note; The homeowner should not attempt to correct malfunctions 
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ill the aerebi--. syatem. It i. s atronqlx ■'•Ecemfriended that th'--- 
homeowner contact qualified service personnel for assiotanoa 
i r'! c o r r e c t i n g m a 1 f u n c t i a n o . 

<3) Conserve water by using water saving fixtures. Do 
n o t conn, a c t r c> o i- d r a i n s , d o w 1 1 s p a u t s , f o u n d a t i o n d i'- -a ins or any 
other riDn-househol d wastewater drainage to this system. 

(4) Use modera.tion when disposing of grease, household 
c hem i c a i s , an d g ar b ag e in t h i s sy s t em , Do n o t d i sp ose o-f 
plastics or paper products which will not decompose, petroleum 
products <such as motor oil), or 1 arge solids in this system. 

(5) Do not use chemical additives designed to clean or 
disinfect the disposal systemi. Do not attempt to ’’flush out” 
the treatment tank with large volumes of water (this flush:, ng 
will cause solids to carry over into the dosing tank -and into 
the mound). 

(6) Maintain grass cover on and around the elevated sand 
mound to help control erosion. Do not plant trees or shrubs 
on the side slopes of the miound, 

(7> Do not erect structures or perform any eKC£?.vaticn 
w i t h i n t e n f e e t o f t he mo u n d . 

( 3 ) C D n t a c t the 1 o c a 1 3 e w a g e E n for c e m e Pi t Cl f f i c e r ( -3 E 0 ) 
if tr’eatmcent tank effluent is observed being discharged on the 
ground surface near the mound. 
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NGTEi The mai ntenance actions described belov-'j can 
!..i e Li a 1 1 y b e p e r -f o r m e d b y t hi e h a rn e o w n e r = The h o m e o w n e r e h o u I d 
not, however, attempt to enter the treatment tank or- the dosing 
tank, or excavate in 'the vicinit'y or the mound. Contact a 
■firm specializing in sewage di-sposal s-/stem i nstad 1 at i on a-io 
main t e n a n c e i -f t h e p r o b 1 e m c a n n o t b e s c i ■'/ e d u. s i n g t hi a 
gui dance pr ovi ded bei ow . 



pccsiple cau s ^ 

Dosing Tank High 1) Fuse blown or breaker- tripped. 

Level Alarm Sounds 

RESPONSE; Reset the breah:er or rf=pl=iCG the ^use. I- 
the fuse blows immediatei-y or the braa.ke^r 
cannot be reset, call foi" service to remove 
and inspect the pump controls. 

2) F'ump suctiori clogge?d or di scr i buti on 
piping clogged. 

F\ESFONSE; Remo/e manhole cover on dosing tank. Check 
f Q r a c c u. m u 1 a t i o n o -f s o 1 i d s i n t h e t a ri k , 
p a r t i c u 1 a r 1 y n e a r t h e p u. m p I E s o 1 i c s a r e 
present 5 call for service and have tne 
dosing tank and treatment tank pumped. Dis- 
connect the delivery piping and remove 
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RESPONSE: 

DiBcl'iarga c-F 
T'-aatinarri: Tank 
E^--'. ijenT to Grourici 
3 .j.r:'acs, 

RESPONSE! 



Soi'jags Backing-Up 
into the HGU.se 



l:0 puri;« -Fro'ii the .io: j nci t'-rn , -lush 
soi 1 de -froin th'j? ru'c; the deL-\ 'S-- ■ 

pipe= Back-Tlush rll d i str i hut i ori iatcrat" 
by removing the eieanaut "it tinge 0 ‘ top 
dt the mound and forcing wata!^ back : nto 
the dosing tank. Test operate puf'p miotcr 
and controls before reinstalling them in Lnf 
tank. Install the pump ^ ee-connect the 
delivery line, .and reinstall the c;lt?anout 
plugs and the dosing tank manhole cover. 

3) Defective pump, contols or alarm syster’ . 
Call tar service. 



1) Leaiis in distribution piping. 

2) Unusually high water table or saturation 
of underlying soils. 

3) Hydraulic failure of the mound. 

Call for service and arr.ange for .ncpect:. on 
of the site by the local SEQ. 



i. ) Clogged inlet baffle 
at treatment t an k . 
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'■^ESPGr-i?E^ Ri'i^iTTa ths 3«';;;'il p::.^t rit^’vL che :nlt'. 



RESPONSE i; 



ba-ffie an tne treatment ta't ano cheri: for 
aolids blocking t!"!e bail ding cewer = Dialodge 
solide witii a ienq rod or stick. Note liqcid 
level in the tank. I-f it is i.mMsually high,, 
call ror service and have the tank pULiped 
and the outlet baf-fle inspected. F^emove the 
m a n h o 1 e c o v e i" o n t h s das i n q t a n ' :: a n d v e r i f y 
that there is -free -flow between the two tainks., 

2) Clogged building sevjer or vent stack. 

I-f -Flow is slow-, check for a clogged vent 
stack., Insert a sewer tape or sewer routing 
tool (snake; in the stack to remove any 
blockage. I-f this procedure does not solve 
t h B p' r □ b 1 B m , a n d t Fi s ini e t b a t -? 1 e ri a s deer, 
clear'ed as described above, use the tape or 
the sewer routing tool to clear the building 
sewer between the house and the treatment 
tank. Estimate the distance betvvsen the house 
a n d t h e t a n k i n 1 e •[: b e fore ins e 1 i n g a ,ri y 
cleaning device in the line. This procedure 
w i 1 1 h e 1 |o t o a v c i d e n t a n g 1 i n g t lie s e w e r 

o u t i n g t o o 1 i n t h e t a n k . IT t h e 1 i n e c ai n n o t 
ij :j c. 1 a a r e d b y 1 1"! is me t I'l o 'i , c at 1 1 -for s er v ice. 
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In order to oeet the objeetive o-f reduce. 'ly the -Failure 
rate of elevated sand mound systems in Pennsylvania;, the 
builder must ensure that the homeowner is provided with 
all of the i nf ormat i an niecessary for proper operation and 
maintenance of the system. It has been recommended that the 
contractor provide the homeowner with a faict sheet as described 
in this chapter and that the builder turn over to the homeowner- 
all documents provided by equipment manuf acturers , particularly 
those needed for warranty regi strati on . In addition, the builder 
should schedule the first maintenance? checks on the? system at a 
point two ye?ars from the installation date. This procedure can 
b e a o c o m p 1 i s h e d b y i n c 1 u d i n q a s e r v i o e c o n t r a c t in t h e p i .u- c h a s e 
price of the- system. 
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CHAPTER V 



NUMMARY AMD CQMCLUSr^^.p 



bummar V 



The 

The need -for alternative wastewater di epQSi'.l eysteme 
will grow in the future as funding for large scale corniTunity 
wastewater disposail systems continues to dwindle^ Builders in 
the Cc3m(nQnwGa.l th of Pennsylvania recogniiTe the fact that land 
development will, therefore, be contingent upon their ability 
to install effective on-lot sewage disposal systems. The past 
high failure rate experienced with elevated sand mound 
i nstal 1 at i ons cannot be tolerated because there will be 
increasing demamd for thiis type of system as development 
tak(5s plac(e in areas with marginal soil canditions- 

Although recent improvements in the design of elevated 
s a n d m o u n d s a n d i m proved c o n s t r u o t i o n p a c t i c e s hi a v e 
reportedly resulted in a significantly reduced failure rate, 
there remains a need for increased awa!"eness among builders 
c Q n c e r n i n y 't f"i e n e g a t i v e e ri v i r- a n m e n t a 1 i ni p a c t res u 1 1 i n g f r c:- m 
improper construction of the system, Increasec emphasis on 
quality control and the use of proven materials and 
construction methods v*Ji 1 1 lead zo increased reliability of 
these systems and will eventually lead to universal 
acceptance of elevated sand mounds as a viable sewage 
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di. \ a.' r-i jti vs ti'-' bijiiders, h.jn-.eowners , iende'-s, a'lid 

govG/rr : ags' 'C ,i. es . 

Pgi;;poPsl b i 1 1 r v , 

The regulatary appraach -folloiAecI in Pennsylvania places 
s t r a n g e m p in a s i s o in t h e e v a 1 u a t i o n o f s o i 1 c o n d 1 1 i o n s a n d the 
enf orcement o-f regul at i ons by the SEG at the local levels 
While the writer does not advocate 1 i censu. re/cert i -f i cat i on o-f 
builders -For i nstad 1 at i on o-f these sy-stees, builders must 
recognise that increased prof essi omal i sm on their part will 
lead to si gni -F i cant improvements in construction pi^actices. 
The builder cannot abdicate responsibility -for quality 
control to the SEG; he must exercise e-F-fective control over 
the project through pre-planning, development o-^ plans and 
spec i -f i cat i ons , and quality control inspection on the^ site, 

W i i- i"i Q u t e t f e c t i v e con 't i- o 1 by b u i 1 d e r s , municipalities will 
eventually be -Forced to expand the quality ass-urance role o-f 
the SE(j to include more frequent mandatory inspections, 

'-^othodol oqv 

Chapters 3 and 4 provide the; buildsi'- with all o-!'- the- 
1 ri -i o r m a t. i o n rv c-j e d e c j t o d e s i g n a n d con s t r u c -t e 1 e v a t d s a n d 
mounds which will meet or exceed EjEIFa sta.ndards. The writer 
has recommended that the builder expand upon this information 
by developing detailed plans and spec i f i cat i ons for each 
project. Quality can be improved and costly mistakes can be 
p r e v e n t <a d b y f o 1 1 o w i n g i: h e r e c o m m e n d a. t i o n s p r o v i d e d in 
;!. 1 9 



Ch !■(: :.(?r v,. ^ . 

A :^!et^iCJC ■ cat i r-^g thev :: oparat.::ii and 

T-3i ntsnan cs requ.L : -efnent 5 of the elevated 3^.nd mourd eyetem 
to the homeowner was presented in Cliapter 5. The builder 
! n u. s t r e c a g n i e t h a t hi e p 1 a y s a. c i- u c i -. i 1 role i r i h> e 1 p i n g t o 
ensL.ire that the system will function as designed for many 
years. 



Concl usi one 



The high failure rate of eleva.ted sand mound systems i r. 
the pa.st was attributed to many factors. The lack of 
coordination and communication between builders, homeowners 
and enf orcefiisnt personnel was apparently one of the 
underlying ca.uses of the problem. Builders must increase 
their awareness of the role played by the SED and the 
regulations which govern his actions. In addition, improved 
understanding of design and constructi on practices will help 
r" e d u c: e c o n f i c t b e t w e e n b u i 1 d e r s a. n d e fi f o r c e m e n t p e r s o f- n e 1 , 
Finally, a. move toward increased professionalism on the part 
of builders will help to contribute to improved reliability 
Q f t !■ i e f i n i s h. e? d p r " o d u c t . 

Ar'?as tor F'utu.re Reseai-ch„ 

Large scale ■esearen efforts in the area of on-site 
sewage disposal are being pursued at several institutions, 
!r,ost notably at the Uni\-€?rsity of Wisconsin and at Purdue 
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Lni y ersi t j.’ , The National San ^ i;. on - ouniiat on also in 

engaged in research in this -field. Most o-f these ef -forts are 
directed at the evaluation o-f ex i sting systems, development o-f 
i m pr a v e d s -■/ s t e m s , and i r'l c i- e a sing t ri e a b i 1 i t y -I: o rn a k e 
r e 1 i a b 1 e j u d g s 'n s n t -s c o n c e r n i n g s i 't e s u i t a !d i 1 i t y t) a s e d o n soil 
e'v'al aat i on . 

On a much smaller -scale, dealing spec i f i cal 1 y with 
on-"Site sewiage di sposal Penns--/! v-ani a , there are several areas 
-for further research-. First, there will be -a need to perform 
field eva.l ua-t i ons of -the pressure dosed mound systef'is which 
have been installed in the Commonwealth in recent years « The 
p u. r p o s e of t h e field e v a 1 i...i a t ion w o u Id be t o d o c u. m e r'l t t h e 
f a. i 1 u. re r a t e o f t ti e ?:■ e s y s t e m s a. n d i n v e s t i g a t e t h e r e a s o n -s f o r 

■failu.re in much the sa^me manner as that fpllowjed in the 
^'etersen study = The Penn-syl -vami a Builders Association is 
c Q n d u c t i n g a n i n d e p e n d e n t e v a. 1 u a. t i o r-t o -f t h e p r e s s u r s dosed 
systems, but the results have not been published, 

S e c o f ■? d , a c a mi p a r a t i v e a n a. 1 y s i s o f t hi e r e g u 1 a t i a n s 
g o V' e r n i r-i g o n ~ s i t e e w a. g e d i s p o s a i i,‘J fi i c h are in f o r i;; e in 
-,-ariaus states would be useful. The study could focus on 
?'!ethod-s used for site evaluation, enf or cemf^nt , licensure/ 
ce?rt i f i cat 1 on , arid inspection. The ultima-te objective would 
b e d e V e 1 o p m t ^ n t o f a mi o d e 1 r e g u 1 a t a r- '/ a p p r o a c h w ti i c h c a u 1 d bn 
applied universally to all j ur i sdi c t i ons . 

Firially, as a means of integrating available information 
con c e r n i n g sit e o v a. 1 u a -t i o n , d -a s i g rs , c c n s t r u c t i o n a n a o lO e r a. t i o n . ' 
maintenance, it is reccmmenrJed that future research include the 
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dev^t?;. npmon t c-f -^jr o-*. ^ ot -jewaq-?? di ■.:posal . T'-e 

o;cpert ay^tem shcuJ. d build upon ey.. siting design programs which 
have been developed at Purdue University and at The Pennsylvania 
State University. The expert system should deal with standards 
which are unique to F’ennsyl vani a. Ideally, the expert system 
should be mi crocomputer based so that it could be widely 
distributed for use by 3E0 ' s , engineers and builders. 
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